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ABSTRACT 
Geographical Analysis ofCancer Incidence and Mortality in Hong Kong 
i 
using Geographic Information System 
Cancer is the leading cause of death in Hong Kong. It accounts for one third 
ofall deaths. There are more than 17,000 new cases and about 10,000 cancer deaths 
reported annually. Worldwide evidences lead to the belief that empirical spatial 
variations in cancer rates are attributable to spatial variations of both physical and 
social environmental factors. Identification of these factors is prerequisite for any 
preventive measures to be implemented. This research investigated the possible 
associations between cancer and the environment through ecological analysis of 
spatial and temporal patterns of cancer mortality and incidence in Hong Kong using 
Geographical Information System (GIS) to integrate data from various sources. 
Standardized cancer rates were calculated for 7 male cancers and 9 female 
cancers in 65 communities (areal units) of Hong Kong during 1979 to 1993 for 
mortality and 1984 to 1988 for incidence. Rates of total cancer were also included 
for mortality data. Socio-demographic variables were retrieved from census reports 
and processed with factor analysis. Environmental variables on traffic index and 
densities of high voltage overhead power lines and major power transmission 
substations were derived using GIS techniques. Spatial autocorrelation was used in 
measuring the spatial patterns of cancer rates. Cancer data were also analyzed for 
correlations among themselves, temporal persistency of spatial patterns and � 
i 
consistency between mortality and incidence data. Then, by means of weighted 
stepwise multiple regression analysis, the relationship among cancer rates and socio-
economic and environmental variables was investigated. 
The results indicated the importance of socio-economic factors in cancer 
induction. In fitted regression models, the average variance explained was 28.7 
percent for males and 25 percent for females. Among all explanatory variables, it 
was found that socio-economic status accounted for the largest proportions of 
variances in cancer rates, overwhelming the roles of other environmental factors. 
The results were also supported by visual interpretation on the cancer maps. Cancers 
found to be inversely related to socio-economic status were liver and oesophageal 
cancers of both sexes and male total and lung cancers, and to a lesser degree NPC of 
both sexes. On the other hand, those which showed positive relationships with 
socio-economic status were female breast cancer and to a lesser degree male 
colorectal cancer. Due to the problem of small number of observed cases, this 
research could not draw statistical conclusion on certain rare cancers such as cervical 
cancer, leukaemia and gastric cancer. 
In conclusion, it must be emphasized that socio-economic factors are 
surrogates reflecting various aspects of lifestyles. Their roles in various cancer 
etiologies are different and should warrant further investigations. Moreover, 
methodological limitations imply that the results should be interpreted with cautions 
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Cancer has become one of the major worldwide health problems in the 
modem era. At present, it kills over 6 million people a year globally and the number 
of new cancer cases is ever increasing (WHO 1997). It strikes both developed and 
developing countries where the processes of westernization^ and/or industrialization 
are in progress. Hong Kong has experienced a sharp transition in disease pattem 
from that dominated by infectious diseases characterized in the developing world to 
that mainly consisting of chronic diseases found in the developed world during the 
1960s. 
In Hong Kong, cancer has now become the major cause of death and 
accounted for about one third of all deaths. More than 17,000 new cases and 10,000 
cancer deaths are reported annually. Within such a small region like Hong Kong, the 
frequencies of various cancers vary considerably over space, just like what most 
other diseases do over other areas of the world. Not to mention the large number of 
disease atlases produced in many countries, the Atlas of Disease Mortalities in Hong 
Kong for the Three Five-year Periods in 1979-93 is the first comprehensive one 
1 Westernization refers to the adoption of the customs and ways typical of the westem world 
including various aspects such as westem lifestyle, smoking habit, dietary pattem, and introduction 
of westem medicine. 
1 
published revealing the uneven distributions of various disease mortalities including 
that for cancers in Hong Kong. It is generally believed that, through analyzing the 
geographical patterns, some clues could be provided to disease etiology. 
The causes of cancer are extremely complex and believed to be multi-
factorial. In other words, the induction of cancer is the synthetic result of complex 
interaction among a wide range of genetic, social, occupational and environmental 
factors. It is commonly believed that the environmental factors, in a broad sense, are 
associated with the majority of cancer cases. This view is supported by the fact just 
mentioned above that significant spatial variations in cancer frequencies are usually 
observed between and within countries. It also leads to the belief that a large 
proportion of cancers are "avoidable" by avoiding or eliminating exposures to the 
environmental factors causing cancers. 
Identification of causal factors is crucial for any preventive measures to be 
formulated and implemented. There are many ways to study the possible 
associations between cancers and environmental factors. One of the common 
methods is through ecological study of spatial and temporal patterns of cancer 
incidence and mortality at various geographical scales. Despite certain inherent 
limitations, it has indispensable value in epidemiology as it can make use of 
routinely collected data to study large populations at relatively low costs. More 
importantly, it serves the purpose of identifying causal factors of cancers so as to 
enable prevention. 
2 
Ecological studies on cancer etiologies are widely conducted in the 
international, national and local levels. The establishment of numerous cancer 
registries, which provide accurate data on cancer incidence and mortality, has 
facilitated those who are interested in cancer mapping as well as descriptive 
epidemiology (Esteve et al. 1994). Numerous examples of cancer atlases and 
ecological studies will be discussed in Chapter II. Nevertheless, the number of 
ecological studies is limited in Hong Kong. One may be skeptical of the feasibility 
of conducting such kind of study in Hong Kong which is large in population but 
small in areal size. However, the practicability and value of mapping cancers in 
Hong Kong had been examined recently (Lloyd et al. 1995). The potential value of 
etiological studies in Hong Kong was ascertained. 
Therefore, this research analyzed cancer mortality data (from 1979 to 1993) 
published in the Atlas of Disease Mortalities in Hong Kong for the Three Five-year 
Periods in 1979-92 and cancer incidence data (from 1984 to 1988) obtained directly 
from the Department of Community and Family Medicine of The Chinese University 
of Hong Kong. The cancer types studied in this research were total cancer 
(mortality), female breast cancer, cervical cancer, colorectal cancer, gastric cancer, 
leukaemia, liver cancer, lung cancer, nasopharyngeal cancer, and oesophageal 
cancer. This research first examined the pattem of cancer mortality and incidence in 
Hong Kong to determine whether communities with high and low rates were 
spatially clustered and whether the patterns had persisted over time. Then, possible 
associations between the spatial variations of cancer rates and socio-economic and 
environmental factors were examined with an ecological approach. It should be 
3 
emphasized, however, that this study is not the end in the search ofthe causal factors 
of cancers. Any association observed in this study should be used to suggest 
hypothesis which must be proved or rejected by further epidemiological or 
experimental studies. 
1.2 ROLE OF G I S IN HEALTH STUDIES 
GIS is a useful tool for health researchers and planners in the sense that it 
facilitates geographical representation and analysis of health data. Being defined as 
an information management system of geo-referenced data, GIS is proven to be an 
indispensable tool for geographical studies in which the subjects of interest possess 
locational attributes. The most famous example in which geographical analysis is 
crucial to the understanding of disease may be the study conducted by John Snow in 
the exploration of a cholera outbreak using maps in London in the 1840s. GIS has 
the ability to integrate and analyze data from various sources efficiently. It may 
possibly be the biggest step forward since the invention of the map in handling 
geographical information (Dunn et al. 1995). In particular, since health is largely 
affected by environmental factors which vary over space, the spatial analytical 
capabilities of GIS can help health research in understanding the spatial variation in 
the occurrence of disease (Loslier 1995). In sum, GIS facilitates both health 
researchers and health planners. First, it provides an efficient database management 
system of geo-reference health event data, accompanied by flexible analytical tools 
for health researchers in identifying disease clusters and understanding their 
associations with environmental factors such as environmental qualities, land use, 
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economic activities, exposure to pollution sources, sanitation, climatic factors and so 
on. It is definitely valuable to disease etiology, epidemiology and medical science. 
Second, GIS acts as an advanced tool for health/disease mapping which is used to 
identify patterns of health events, such as the distributions of diseases (demand) and 
health facilities (supply). It provides valuable information for health decision-
makers in the implementation of health/^disease monitoring, health education and 
planning, and evaluating health policies. 
1.3 RESEARCH OBJECTIVES 
The aim of this research is to study spatial variations of mortality and 
incidence rates of major cancers in Hong Kong with GIS techniques by which 
environmental variables are derived and compared with the cancer rates. 
Specifically, the objectives of this research are: 
(1) to construct a cancer database for spatial analyses in Hong Kong; 
(2) to study, with the database, the spatial patterns of mortality and incidence 
rates of major cancers in Hong Kong over three five-year periods; and 
(3) to examine the associations between the spatial variations of cancer rates and 
socio-economic and environmental parameters. 
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1.4 ORGANIZATION OF THE THESIS 
This introductory chapter is followed by five chapters which discuss in 
details the background, methods and results of this ecological study of cancer 
mortality and incidence in Hong Kong. 
In Chapter II, background information on cancer and environment is 
introduced. Then, the rationale and usual practices of studying cancer using a 
geographical perspective are discussed with respect to cancer etiology and 
epidemiology，accompanied by discussion on selected possible causal factors. 
In Chapter III, the way in which Hong Kong experiences disease transition 
from infectious diseases to chronic diseases mainly consisting of cancer in recent 
decades is briefly described. Then, cancer as an enormous health problem of 
contemporary Hong Kong is discussed. The final section of Chapter III deals with 
the details about materials and methods used in this research. 
In Chapter IV, attention is directed to the process of constructing the GIS 
database of this research where data were collected, stored, organized, retrieved and 
analyzed. The way in which variables were derived from the database is also 
discussed. 
Chapter V presents the results of this ecological research in three parts. The 
first part summarizes the results of geographical analysis of the cancer patterns with 
6 
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spatial indices. The second part explores the cancer data themselves, resulting in 
several correlation coefficients for interpretations. The third part examines the 
associations between cancer and socio-economic and environmental factors in an 
ecological approach. 
As a concluding section of the thesis, Chapter VI first summarizes the major 
findings of this ecological study. Then, the limitations of this research and 





In this chapter, a brief discussion on cancer, its relationship with the 
environment and the concepts of etiology and epidemiology are reviewed. It then 
proceeds onto the discussion of previous attempts in geographical studies of cancer. 
In the final section, an introduction to GIS is given with respect to its application in 
the health sector. 
2.2 HUMAN CANCER 
Cancer is a kind of disease and represents a departure from healthiness. It is 
a comprehensive term for a batch of diseases when the cells of the body change their 
normal pattem of growth and do not obey the growth-regulating control signals of 
the body (Scott 1981; Swedish Cancer Committee 1992). Those signals are 
normally generated in the body to regulate the growth of various cells to support the 
normal relationship among cells and organs in the body. Cancer cells, often termed 
malignant tumours or neoplasm, grow autonomously, replicate themselves, and may 
invade cells in other parts of the body. 
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An overview of the mechanism of cancer induction would be useful in the 
study ofits etiology. The induction of cancer is a multistage process involving some 
biochemical and biophysical events (Higginson et al. 1992; Swedish Cancer 
Committee 1992). The human body, which is initially divided from one single cell, 
is made up of an enormous number of cells. The cells continue to divide, replace 
dead cells and repair wounds (Scott 1981). About 10^ ^ new cells are produced 
during the lifetime of a normal person. Cells are normally regulated by the 
biochemical control mechanism during the process of growth. However, disorder of 
cellular behaviour occurs when there is a mutation in the genetic materials stored in 
the DNA (deoxyribonucleic acid) of the chromosome in the cell. In fact, the 
induction of cancer is a multistep process with at least two necessary "phases", 
initiation and promotion (Swedish Cancer Committee 1992). The initiators, or 
carcinogens, are the triggering events of the action of carcinogenesis. Some of the 
altered cells may be repaired (or replaced) by the immune system (Swedish Cancer 
Committee 1992; Higginson et al. 1992; Springhouse Corporation 1995). However, 
other damaged cells may not be healed. This complex process is affected by a 
number of factors. Promoters, co-carcinogens and anti-carcinogens are factors 
operating in the promotion process. The former two enhance the tumour growth 
while the last one suppresses it. When the damaged cells continue to divide and the 
immune system cannot heal them, the mass of cells developed into cancer. In fact, 
the whole process and mechanism are not completely known without uncertainty. 
However, it is accepted that, in general, the induction of cancer is the synthetic result 
of a complex interaction between exogenous (environment) and endogenous factors. 
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A specific type of cancer could be induced by many factors while a specific factor 
may induce various types ofcancer. 
2.3 ENVIRONMENT AND CANCER 
Definition of "environment" varies for different people from different 
disciplines (Howe 1977). The term "environment", in the context of health, can be 
defined as the matrix of physical, biological and social surrounding conditions that 
influence the living, growth and development of humans (Howe 1976, 1986). It is 
not only limited to natural settings such as air, water, food and habitats, but also 
aspects of human circumstances, such as cultural, life-style, and man-made pollution 
from economic activities. Therefore, the term "health" is defined by the World 
Health Organization (WHO) as "a status of complete physical, mental and social 
well-being, and not merely the absence of disease or infirmity" (Lebret 1995:25). 
The fact that health and disease are related to the environment within which 
human beings live has been revealed since the time of Hippocrates, the Father of 
Westem Medicine, in the 4th century B.C. (Terracini 1992; Lloyd et al. 1996). 
Health and disease are viewed as the degree of adjustment or adaptation in 
accordance with the adverse effect of the environment. Health and disease are not 
opposite to each other, but co-exist. Disease should be viewed as a departure from 
the state of healthiness as a consequence of imbalance between human and the 
surrounding environment (Pyle 1979). It expresses a conflict between human and his 
environment (Howe 1976). Howe (1986:4) stated that: 
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“the actual state of the human organism, whether healthy or showing 
pathological traits, depends on the interaction of the internal milieu of 
the human body (endogenous factors and the maintenance of 
homeostasis), the hazards of the external environment (exogenous 
factors) and the complex inter-relationships of the two. Disease and 
health are thus environmental problems." 
Cancer is not a new disease but an ancient one (Prescott & Flexer 1986). 
However, it has become one of the major health problems in the world. In 1996, of 
over 52 million deaths in the world, 6.3 million were due to cancer, and it is expected 
that the number of cancer cases will at least double in most countries during the next 
25 years (WHO 1997). Cancer, as a chronic disease, is now one of the major causes 
of death in most developed countries. It is because in those countries infectious 
diseases are controlled and the average life-span of citizen increases. Thus, this issue 
gains much attention in recent years as people in developed countries become much 
aware of chronic diseases. This concem is more ardent in urbanized areas as people 
believe that the urban environment and associated lifestyle have, to a certain extent, 
some influences on the increased cancer risk over mral environment (Pierce et al. 
1978; Glick 1982; Swedish Cancer Committee 1992; Engholm 1996). The rural-
urban difference in cancer risk is believed to be the reflection of differences in 
lifestyle, smoking and dietary habits, general air quality, and occupational 
proportions between rural and urban areas. In developing countries, the problem is 
also arising. It is partly because the situation of infectious diseases is improving. 
More importantly, some developing countries are being "westernized" in terms of 
economic activities and life-styles. Citizens of these most populous regions are 
exposed to similar carcinogenic factors as their counterparts in the industrialized 
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countries. The most frequent forms are cancers of the lung, stomach, colon-rectum, 
liver, breast, oesophagus, mouth and cervix. They accounted for 60% of all new 
cancer cases and cancer deaths in 1996 (WHO 1997). 
Accumulating evidences strengthen the belief of most researchers that 
cancers are largely environmentally induced (Harris 1970; Burkitt 1971; Doll 1977; 
Pierce 1978; Howe 1986; Swedish Cancer Committee 1992). They commonly 
believe that at least 70% of human cancer are due to environmental factors directly 
and/or indirectly (Table 2.1). Intrinsic causes and viruses infection both account for 
a limited proportion of cancer, while the majority of cancers are known or suspected 
to be caused by environmental agents (Prescott & Flexer 1986). The fact that great 
geographical variations of cancer occurrences exist makes the role of environment 
much apparent in cancer induction (Harris 1970; Burkitt 1971; Berg 1977; Blot et al. 
1977; Doll & Peto 1981; Parkin & Muir 1985; Lloyd et al. 1996). 
Table 2.1 Proportion of cancers believed to be environmentally induced 
Source Proportion of cancers due to environmental factors^ 
Harris 1970 "between 80 and 90%” 
Burkitt 1971 "over 80%" 
Muir 1976 "at least 75%" (cited from WHO) 
Doll 1977 "80% or 90%" 
Howe 1986 "upward of 80%，， 
Swedish cancer committee 1992 "more than 70%" (cited from IARC) 
IARC (International Agency for "80%" 
Research on Cancer) 1998^ 
Note: a Definition of environment may not be identical in all literature, see text. 
Source: ^ world Wide Web http site: ^www.who.org/aboutwho/promoting/iarc.html" 
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The concept that environmental carcinogens play an influential role in cancer 
etiology was known 200 years ago. The London physician Dr. John Hill recognized 
that snuff ^)owdered tobacco) caused nasal cancer (Prescott & Flexer 1986). The 
most frequently cited typical example is that of Sir Percival Pott, a British physician, 
in 1775 (Pierce et al. 1978; Prescott & Flexer 1986; Higginson et al. 1992). He 
demonstrated the relationship between chimney sweepers, who were exposed to soot, 
and scrotal cancer. Some other relationships among occupational exposure to 
carcinogens and various forms of cancers were studied in the 19th century. In the 
1890s, better statistical studies began to appear in many European countries. They 
provided useful tools for the study of geographic pathology. The emergence of 
histopathology also favored a more accurate and consistent diagnosis of cancer 
(Higginson et al. 1992). In the early 20th century, experimental studies testing 
carcinogens with animals dominated in the field of cancer etiology. 
2.4 CANCER ETIOLOGY AND EPIDEMIOLOGY 
Disease prevention measures to reduce the cancer burden are called for in 
most countries, and identification of the causes of cancers is the first step before any 
preventive measures can be formulated. Since a large proportion of cancer is related 
to environmental factors, many researchers promote the argument that such 
proportion of cancer is “avoidable，，. Doll & Peto (1981) made a comprehensive 
review to estimate the avoidable risks of cancer in the United States. 
13 
Etiology is the study of the cause(s) of disease, and epidemiology is a science 
based on the study of disease occurrence and distribution in human population. In 
epidemiology, there are two major methods used to correlate the associations 
between various environmental factors and the induction of human cancer (Thomas 
1992; Swedish Cancer Committee 1992). The first is experimental epidemiology 
conducted within laboratory based on animal tests. The second is observational 
epidemiology based on observations on human population. A brief background of 
the first method is given here, while the second method is discussed in the next 
section of this chapter. 
In experimental tests, only one to two agents are tested at a time in general 
(Swedish Cancer Committee 1992). In the tests, a large dose of the substance with 
known or suspected carcinogenic effect is imposed on the subjects (animals) and 
observations are made about their responses to the substance. Investigators can 
observe carcinogenic characteristics of the agent and mechanisms of the induction of 
cancer. However, in reality, a human is simultaneously exposed to a large number of 
low dose carcinogenic agents. All the agents interact in different ways in the natural 
and uncontrolled (in contrast to the controlled experiments) environment. Moreover, 
test animals may not possess the appropriate enzymes by which most chemicals must 
be metabolized to active carcinogens (Pierce et al. 1978). It is also impossible to use 
humans in such kind of experiments. Synergism may also occur, which means that a 
single factor must combine with another factor to become a carcinogenic agent. 
Thus, in spite of the valuable knowledge obtained from experimental approach, the 
Swedish Cancer Committee (1992:42) concluded that "experimental findings 
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constitute an insufficient basis for a quantitative analysis of the causes of cancer in 
humans". 
2.5 OBSERVATIONAL CANCER EPIDEMIOLOGY 
Another method to study cancer factors is observational epidemiology 
(Kelsey et al. 1996; Friedman 1994; Higginson et al. 1992; Swedish Cancer 
Committee 1992; Thomas 1992; Parkin & Muir 1985; Barker & Bennett 1982; Doll 
& Peto 1981). It is commonly undertaken to identify causes of disease and 
population groups at risk. The results are valuable in disease control and prevention. 
Doll & Peto (1981:1217) stated in their appreciation of the use of epidemiologic 
observations that: 
“Historically, they provided the starting point for a large part of all 
cancer research by pinpointing the risks associated with exposure to the 
combustion products of coal, sunlight, X-rays, asbestos, and many 
chemical agents. They drew attention to the hazards associated with 
chewing various mixtures of betel, tobacco, and lime and with smoking 
tobacco, and they suggested lines of research based on a hitherto 
unsuspected role for some type(s) of dietary fiber and on the relevance 
to breast cancer of the hormonal factors associated with pregnancy". 
After World War II, the epoch of cancer epidemiology emerged with the 
application of advanced experimental and statistical methods. It was believed that 
various chemical carcinogenic hazards were generated in the modem society and life. 
Moreover, the situation became more complex as the environment was undergoing 
enormous artificial modifications. The first major international symposium was held 
in Oxford in 1950 (Higginson 1992). The objective was to study the distribution of 
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human cancer in various communities and geographic areas and to correlate 
laboratory and field findings to provide clues to cancer causation. The concept of 
multistage carcinogenesis and modulation was clearly accepted. Later, the 
International Agency of Research on Cancer (IARC) was created by the World 
Health Assembly in 1965. A Committee of Geographical Pathology was also 
established by the International Union Against Cancer (UICC) in 1954. In 1966，the 
Committee published the first volume of Cancer Incidence in Five Continents, 
covering cancer data from 26 countries and regions around the world. This series is 
continued under the IARC and the International Association of Cancer Registries 
(IACR) and now remains the essential reference source for the study of the global 
distribution ofhuman cancer (Muir et al. 1987，quoted from Higginson 1992). 
The concept of causality is important in cancer epidemiology. Diseases can 
be simply classified into infectious and non-infectious. For most infectious diseases, 
the primary causal agents are identifiable and the relationship between the agents and 
the induction of the disease which follows is straightforward. Mathematical models 
such as those dispersion models are available (Thomas 1992). For non-infectious 
disease, such as cancer, there are rare applications of mathematical models. 
Explanations of such kind of diseases often refer to risk factors related to 
environmental exposure and the hosts themselves. The association is a statistical 
relationship (Thomas 1992). That is, if an agent is found to be associated with the 
induction of a certain type of cancer, it is not to say that all persons exposed to that 
agent must acquire that particular type of cancer. For example, although smoking is 
accepted to be a causal factor of lung cancer, neither all persons who smoke must 
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develop lung cancer, nor all cases of lung cancer are due to smoking. Thus, the 
relationship is a degree of probability. 
The search for cancer etiology with observational epidemiologic approach 
involves two major steps: hypothesis building and hypothesis testing. These two 
steps also represent two major types of epidemiologic studies. The first is 
descriptive studies and the second is analytic studies, though the distinction is not 
clear-cut and some overlaps exist (Muir 1976; Barker 1982; Higginson et al. 1992; 
Friedman 1994). Descriptive studies examine the distribution of incidence, mortality 
and prevalence rates of the disease with respect to population and its characteristics 
such as age, sex, race, occupation, social class, marital status, geographical area, and 
time. Such kinds of studies are used to generate etiologic hypotheses. Analytic 
studies are designed to test specific causal hypotheses. Analytic studies include 
case-control, cohort and interventional studies. The geographical approach to cancer 
etiology is in accordance with descriptive studies . 
2.6 GEOGRAPHY OF CANCER 
Although our knowledge about the causal factors and their mechanism is 
fragmented, it is observed that great geographical variations exist over many areas of 
the world (Glick 1982; Bumley 1992; Higginson et al. 1992; Swedish Cancer 
Committee 1992; Kunst et al. 1993; Walter et al. 1994; Braus 1996; Engholm et al. 
1996). These variations exist in the international, country, regional, as well as local 
scales. Thus, it is valuable to study human cancer occurrence from a spatial 
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perspective so as to yield vital information which will indicate the right direction for 
further in-depth researches for possible causal factors that influence human cancer 
risk. 
Leonhard Ludwig Finke (1747-1837) was the first to introduce what he called 
"medical geography" in his three volumes of An Attempt at a General Medical-
Practical Geography published in 1795 (Barrett 1993). Finke emphasized that 
studying human health and disease from a spatial perspective could yield valuable 
information in the underlying factors leading to the observed variation of disease. 
He used geography to find associations between cause and effect of diseases because 
he suspected that causal factors are "geographical and not medical" (Barrett 
1993:703). 
The most famous example of an early application was the exploration of a 
cholera outbreak in London in 1840s by John Snow (Cliff & Haggett 1988; Terracini 
1992). "By plotting the locations of cases on a street map, Snow was able to 
determine that the source of the outbreak was the public water supply pump situated 
in Broad Street" (Jones et al. 1996:879). The finding led to the removal of the 
pump; consequently, the epidemic subsided. 
Traditionally, there are two distinct but interrelated fields in medical 
geography (Mayer 1982; Jones & Moon 1991; Thomas, 1992). One is the study of 
the relationship between disease and environment, while the other is the study of 
18 
health care provision and need. The subject of cancer etiology with descriptive 
epidemiologic approach coincides with the former (Figure 2.1). 
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2.7 GEOGRAPHICAL EPIDEMIOLOGY OF CANCER 
Geographical epidemiology of cancer is the study of the distribution of the 
disease according to certain spatial characteristics of the population, usually the place 
of residence defined in various geographical scales (Tomatis et al. 1990). It is also 
called "ecological analysis" which investigates the association between the 
geographical pattem and explanatory variables measured at the areal unit level 
(Clayton et al. 1993). Thus, the unit of analysis is a group of individuals, defined by 
their spatial characteristics. Aggregation of data would lead to some loss of 
information (Walter 1991a), and the problem of "ecological fallacy" may arise. 
Results of such kind of study cannot be interpreted without bearing in mind with 
caution that further analytic or experimental studies must be implemented to confirm 
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the association found, if any, in ecological studies. The limitations of such kind of 
study are given in later chapters with discussion of the results. 
Despite the limitation inherent to ecological studies, there are a number of 
advantages of them over other types of epidemiologic researches, including the 
ability to study a large population at relatively low cost and to address questions of 
environmental health that might be difficult or even impossible to study in other 
approaches (Walter 1991a，1991b). They take advantage of existing database, such 
as data routinely collected by cancer registry and death certificate. Moreover, 
studying diseases from a geographical point of view has some advantages over other 
kinds of studies such as experimental or clinical in certain aspects (Swedish Cancer 
Committee 1992; Westlake 1995; Raybould & Walsh 1995). For instance, clinical 
experiments are expensive and have a long elapsed time (Prescott & Flexer 1986; 
Raybould & Walsh 1995). Therefore, spatial epidemiology is valuable: if significant 
associations are found between certain kind of disease and possible factors, clinical 
and experimental researches can be carried out to investigate the mechanism. 
There are various ways of studying with the geographical approach. They 
can be viewed as sequential steps in the study of disease etiology, from the detection 
of high and low risks areas to the identification of risk factors. Generally, they start 
from the observation of a spatial pattem of the cancer, usually through mapping. 
Then, explanatory variables may be related to the geographical variation of the 
cancer using statistical methods such as correlation and regression. Although 
geographical methods and statistical models are available for disease data and 
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corresponding environmental data obtained at the individual level (Thomas 1992; 
Esteve et al. 1994; Douven & Scholten 1995), a large proportion of geographical 
studies are based on data aggregated at various areal units, such as those in 
ecological studies (Tomatis et al 1990; Elliott et al. 1992b; Esteve et al 1994). 
2,7,1 Geographical Variation in Cancer Occurrence 
The occurrence of cancer varies enormously across regions (Burkitt 1971, 
Muir 1976, Doll & Peto 1981, Levin et al. 1974, Howe 1986, Cliff& I^ggett 1988, 
Swedish Cancer Committee 1992). Variations in cancer incidence and mortality are 
believed to be accounted for by variations in exposure to various environmental 
factors. This opinion is strengthened by the fact that cancer risks faced by migrants 
change from that in original countries to that in the destination countries (Burkitt 
1971; Muir 1976; Doll & Peto 1981). Thus, studying the spatial variations in cancer 
rates may provide clues to formulate hypotheses about etiology of the cancer by 
examining the spatial variation in environmental factors (English 1992). 
Comparison of cancer rates among various countries become possible 
because more accurate population statistics are made available and registries have 
been set up in many countries since World War II (Harris 1970). Indeed, significant 
variation in cancer rates are found over different parts of the world (Harris 1970, 
Muir 1976, Berg 1977, Robinson 1985, Howe 1986). For example, the incidence 
rates of nasopharyngeal cancer in males, which is common in southeast China but 
rare in European countries, vary 100 folds at the international level (Tomatis et al. 
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1990). Lip cancer varies 150 folds in incidences, being highest in Newfoundland in 
Canada but lowest in Osaka in Japan. Gastric cancer exhibits maximum incidence in 
both sexes in Japan but minimum in Senegal (Howe 1986). Incidence of female 
breast cancer is highest in North America but lowest in the Far East (Thomas 1992). 
Howe (1986) provided a summary of the main global trends emerging from 
worldwide researches into the geographical distribution of cancer (see Figure 2.2). 
The chart lists the highest and lowest recorded incidence rates over countries and 
regions for selected cancers during the 1970s. 
Figure 2.2 Maximum and minimum age-adjusted incidence rates per 
100,000 for cancer of selected sites 
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Apart from international variations, cancer rates also vary within individual 
countries, individual cities and towns, and even at a local level (Muir 1976; Howe 
1986; Tomatis et al. 1990). For example, within the United States, highest cancer 
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rates for whites were found in the Northeast and Great Lakes but rates were low in 
other states (Levin et al. 1974). In Iran, cancer of oesophagus is 30 times more 
common in women (and 6 times in men) in the northeast of the Caspian province of 
Mazandaran than in the contiguous province of Gilan (Muir 1976). This variation 
also occurs in French males, who experience 10 times greater risk in Brittany and 
Normandy than in the Mediterranean regions (Thomas 1992). The situation can be 
viewed in cancer atlas produced for individual countries (Howe 1986). Enormous 
variations in various types of cancer can be seen within westem Europe (Smans et al 
1990), at county level in China (Zhou et al. 1990), and also at county level in the 
United States (Pickle et al 1987). 
Some of the within-country variations are in the form of an rural-urban 
difference. In Bulgaria, most cancers show lower rates in rural than urban areas 
(Valerianova et al. 1994). In the Netherlands, cancers of the male liver and female 
lung, for examples, show significantly higher rates in urban than rural area; on the 
other hand, cancer ofthe male lip is significantly lower in urban area (Schouten et al. 
1996). In Sweden, male lung cancer has a higher incidence in urban areas than in 
rural areas (Swedish Cancer Committee 1992). Cancer of the respiratory and 
digestive systems has also been found to be positively related to the level of 
urbanization in the United States (Levin et al 1974). The differences are suspected 
to be due to differences in atmospheric pollution, smoking habits, life-style, diet, 
exposure to occupational carcinogens, and medical services, etc. (Muir 1976; Levin 
et al 1974; Tomatis et al. 1990; Higginson et al 1992). The relative importance of 
the above factors may not be the same for all areas where the rural-urban gradient is 
23 
observed. It implies that causal factor, or combination of factors, of even the same 
type of cancer, are not homogeneous in various areas of the world. For example, 
liver cancer is suspected to be caused by aflatoxin in food in some developing 
countries, whereas alcohol consumption is the causal factor in developed countries 
(Robinson 1985). 
For cancers, such as those of the oesophagus, observed to vary across small 
areas, the risks may be associated with localized environmental factors (Cuzick & 
Elliott 1992). Since variations in cancer rates can occur in a local area, it is 
necessary to use small, well-defined spatial units in geographical studies lest the 
variations cancel each other out when these small areas are aggregated (Steiner 
1954). Accompanied with the growing awareness of environmental pollution and 
associated health consequences, the need for health studies at local level is 
expanding (Elliott et al. 1992a). 
2.7.1.1 Cancer Mapping 
Emerging around 2000 years ago, mapping is always a fundamental and 
indispensable tool in geography to illustrate spatial pattem and variation. Almost 
everything that possesses locational attributes can be mapped. Diseases, which can 
be designated by the place of occurrence, were mapped since the early 19th century 
(Lloyd et al 1996). One of the first cancer maps can be found in a Swiss atlas 
published in 1914 (Esteve et al. 1994; Smans & Esteve 1995). Maps are a good 
means ofcommimication. It conveys visual information on the spatial distribution of 
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the disease under study, and thus serves as an exploratory tool to detect any 
suspected factors that are associated with areas ofhigh and low cancer rates. 
Over the last decade, a number of cancer atlases have been produced 
(Burbank 1971; Manson et al. 1975; Pickle et al. 1987; Jensen et al. 1988; Zhou et 
al 1990; Smans et al. 1992; Lloyd et al 1996; Zatonski et al 1996). The 
information mapped is usually cancer mortality. The major objective of cancer 
atlases is to provide basic information for etiologic research (Esteve et al 1994). 
The pattem of the cancer under study can be superimposed onto other maps of 
environmental and socio-economic variables measured for comparison. The 
example of John Snow mentioned previously illustrates the application of map as a 
clue to disease etiology. 
Various ways of representing cancer rates are adopted. They include crude 
rate, directly and indirectly age-standardized rate, and standardized ratios (Barker & 
Bennett 1982; Kahn & Sempos 1989; Hill & Hill 1991; Verma et al. 1993; Friedman 
1994; Esteve et al. 1994). Mortality data are more commonly mapped than 
incidence data, because the latter are not always available (Robinson 1985). The 
data are represented in the form of rates per 100,000 population per annum. The 
crude rates do not account for the age structure. However, since cancer rates usually 
increase with age, standardization must be made for cancer rates in different sub-
regions so that varied age structure is comparable. Both direct and indirect age-
standardized rates involve the selection of a standard population. The two methods 
differ in that the direct method applies the local age-specific rates to the age-structure 
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of the standard population; while the indirect method applies the standard age-
specific rates to the local age-structure. Detailed discussion of the two methods are 
given in the next chapter. Standard mortality (and incidence) ratios, similar to 
indirectly standardized rates, are used when the primary objective of the atlas is to 
represent the variations in cancer risk within the study area (Esteve et al. 1994). 
2.7.1.2 Spatial Autocorrelation 
While maps provide the investigators qualitative description of the spatial 
pattem of the diseases, objective and quantitative measurements are available. 
Techniques of spatial autocorrelation are common ways of quantitative description 
and interpretation of geographical patterns (Cliff & Haggett 1988). Questions such 
as whether regions with higher risks are clustered together, dispersed over the map or 
just randomly distributed can be addressed. Spatial autocorrelation is a unique 
statistical analysis that provides a summary index about the spatial pattem under 
study (Goodchild 1986). 
Spatial autocorrelation is concerned with the degree to which geographical 
phenomena or objects are similar to the others located nearby (Goodchild 1986). 
The importance of spatial autocorrelation to geographers and geographical studies 
was expressed in what Tobler (1970) referred to as the first law ofgeography. It was 
expressed as "everything is related to everything else, but near things are more 
related than distant things" (Goodchild 1986:3). Gould (1970) also stated the same 
idea of spatial interdependence. 
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spatial analysis with spatial autocorrelation involves the comparison of two 
types of information, that is the similarity among non-spatial attributes and the 
similarity of the corresponding locations (Goodchild 1986). If objects with similar 
attributes or values are close together, the whole pattem is said to show positive 
spatial autocorrelation. In contrast, if the attributes of objects differ from that of 
neighboring objects but are similar to distant ones, negative spatial autocorrelation 
exists. Finally, if the attributes of objects are independent of their location, the 
pattem is said to be random. Though there are various ways in compiling the index, 
the general form of the index is: 
S Z ^ ^ (2.1) 
‘ j 
where 
Cij 二 the similarity of i, s and j ’ s attributes 
^ij = the similarity of i，s and j，s locations, w^ = 0 for all i 
The most common techniques of spatial autocorrelation include Moran's I 
and Geary's c indices for interval/ratio data andjoin count statistics for nominal data 
(Cliff & Ord 1981). They differ in the calculation of Cij that the Moran's I index is 
based on the covariation of juxtaposed values, while Geary's c index is based on 
paired comparisons of juxtaposed values. On the other hand, join count statistics is 
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based on comparison between the observed and expected numbers of various types 
ofjuxtaposed linkages. However, the concept of locational similarity or connections 
among spatial objects is the same for various techniques. For areal units, the most 
common way of defining w"- is the existence of common boundary between i and j, 
though other methods such as the length of common boundary or distance between 
centroids of the regions are feasible. Detailed description ofMoran's/and Geary's c 
are given in the methodology section of Chapter III. 
The basis of applying techniques of spatial autocorrelation in the studies of 
geographical patterns of cancer occurrences is that neighbouring regions may be 
subject to similar levels of environmental exposures, and thus the cancer risks for 
neighbouring regions may be more similar than distant regions (Esteve et al. 1994). 
The patterns of cancer occurrences may reflect the distributions of the underlying 
environmental factors. Boost (1979) used mortality statistics of various types of 
cancers at county level in Southern Ontario for each year of 1971-6 to study causal 
factors and risk indicators (Goodchild 1986). Geary's c indices were calculated on 
the standardized mortality ratios (SMRs) of the cancers, and the results showed that 
cancers of the digestive system, intestines, lung, prostate, stomach, and breast were 
found to cluster spatially in various periods. Walter et al. (1994) used Moran,s I and 
the non-parametric rank adjacency statistics D in SMRs of 22 cancer types of 49 
counties in Ontario for two time periods of 1966-75 and 1976-86. Spatial 
aggregation was found for the cancers oflip, esophagus, stomach, colon and rectum, 
pancreas, lung, bone, cervix, corpus uteri, prostate, kidney and malignant melanoma 
of the skin. 
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2.7.2 Identifying Causal Association 
Geographical analyses are not limited to the description of the spatial pattem 
of cancer. So long as information on both cancer rates and environmental variables 
are available for the same areal units of the study area, correlation studies, also called 
ecological studies, can be carried out to assess the association between the disease 
and possible explanatory factors. Kelsey et al (1996) described examples of how 
knowledge of geographical patterns of diseases finally leads to identification of 
causal factors. Based on routinely collected data that may be obtained originally for 
different purposes, cancer maps are produced in many countries and the patterns 
revealed by the maps lead to further researches on the underlying environmental 
influences (Medical Research Council Environmental Epidemiology Unit 1984). 
Robinson (1985) gave a brief description on the patterns of certain types of cancer 
observed in warm climate countries, together with suggested causative factors. 
Gardner (1984) used a regression approach with census data to study the relationship 
between nasal cancer mortality rates and the proportions of the populations working 
in different industries. He found that male nasal cancer was strongly related to the 
fumiture industry. He also suggested the study of the relationships between sunshine 
and melanoma, air pollution and stomach cancer, etc. 
Correlation and regression are two most common statistical analyses adopted 
in the geographical study of cancer epidemiology. Both of them are used to assess 
the relationship among cancer occurrence and possible environmental factors. 
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Both Pearson product-moment correlation and Spearman rank correlation are 
used according to the scales of measurement of the variables (Kirk 1990). The 
degree of association or strength of relationship between cancer and environmental 
variables is examined through the correlation coefficient. 
Regression is one step further in correlational study and is regarded to be 
more preferable (Walter 1991a). Since the induction of cancer is simultaneously 
affected by many factors, we have to account for the contribution of individual factor 
with the measurement of partial correlation, which is the association between the 
independent variable and a particular independent variable while the other 
independent variables are being held constant. Esteve et al. (1994) stated that 
multiple regression is more appropriate than just using the correlation coefficient as 
in many studies. Multivariate analysis is an appropriate tool for the study of the 
relationship between a dependent variable and a set of independent variables, which 
is usually the case in geographical studies where the phenomenon has multi-causes 
and a number of interacting variables (Jones & Moon 1987; Shaw & Wheeler 1994). 
Cancer, as mentioned in previous sections, has multiple environmental factors and 
thus should be studied in a multivariate approach (Esteve et al 1994). Moreover, 
standardizing the partial correlation gives the beta weights by which the relative 
importance ofthe explanatory variables can be compared (Shaw & Wheeler 1994). 
The analysis of regression residuals may lead to the identification of further 
explanatory variables. Geographers have the special advantage in analysis of the 
residuals by mapping them (Shaw & Wheeler 1994; Douven & Scholten 1995). 
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Through investigations of the residual map, a researcher may detect new explanatory 
factors. Besides visual investigation, one can take advantage of spatial 
autocorrelation discussed in the previous section to obtain an objective description of 
the residuals. If no spatial autocorrelation is found on the pattem of the residuals, the 
regression model, though the explanation is not perfect, is the best for describing the 
cancer pattem and there is no need to look for additional factors (Goodchild 1986). 
The present of spatial autocorrelation, however, complicates the 
interpretation of traditional correlation and regression analyses (Griffith 1987). If the 
attributes of spatial objects are affected by neighbouring objects，the assumptions of 
independent observations and residuals are violated. Some authors have proposed 
adjustments to the traditional correlation and regression models (Griffith 1987; 
Richardson 1992; Clayton et al 1993). However, others suspected that these 
adjusted models may be unduly complicated (Esteve 1994). 
2.7,3 Environmental Factors of Cancer 
From the epidemiologic perspective, carcinogenic environmental factors refer 
to any exogenous influences other than the endogenous genetic factors inherent to 
the body (Maclure & Macmahon 1980). Although some ofthe ultimate carcinogens 
are chemical and biological substances (such as asbestos, benzene, iV-Nitroso 
compounds and hepatitis B), they are often in the form of complex mixtures of 
substances, and in most cases cancer factors are combinations of exposures, loosely 
defined under the headings of ambient air pollution, socio-economic status, 
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occupation, etc. (Maclure & Macmahon 1980). The following discussions are 
limited to aspects of air pollution, socio-economic status, and extremely low 
frequency electromagnetic radiation, as they are often the data available at the 
ecological level for geographical epidemiology. 
In the context of epidemiology, it is not necessary for one to completely 
know the individual substances in the factors. For examples, more than 2000 
chemical compounds have been identified in the smoke of cigarettes and some of 
them are carcinogens (Swedish Cancer Committee 1992). However, for preventive 
measures to be formulated, one may only need to identify the association between 
the practice of smoking and lung cancer. Any hypothesis generated in an ecological 
study is left to be tested by further analytic or experimental analyses. 
In an ecological study, as mentioned in previous sections，environmental 
factors are usually measured in the same setting of geographical units where 
corresponding cancer data are collected. Exposure to the individual environmental 
factor is assumed to be homogeneous for all population within the areal unit. The 
factors being examined in any ecological study may not be exhaustive compared to 
the varieties of all possible carcinogens. In fact，there has not yet been any single 
study that is able to include all possible causal factors in the analysis. Most 
epidemiologic and experimental studies deal with one factor or at most several 
factors at one time. Table 2.2 presents a brief summary of the environmental factors 
concerning air pollution and socio-economic status in twelve selected articles. All of 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Air pollution mainly refers to man-made pollutants emitted to the atmosphere 
by economic and domestic activities, although the condition of the atmosphere is 
also affected by natural occurrences such as volcanic eruptions and spontaneous fires 
(Wilson 1976). In the early time of civilization, when humans leamed to use fire, 
considerable air pollution was observed. Smoke was the first pollutant being noticed 
and by 1600, sulphur in coal was recognized (Wilson 1976). The problem festered 
since the Industrial Revolution in the late 18th century. Historically, episodes of 
high air pollution had led to acute excesses in mortality, for examples, fogs in 
London in December 1952 (Tomatis & Fishbein 1993; Lipfert 1994). 
Contamination of air with various chemicals has now been of major global 
and local concerns, particularly with increased urbanization, industrialization, and 
the use of automobiles (Pierce 1978; Glick 1982). The most important air pollutants 
are SO2, CO, NO, ozone, aerosols, suspended particles, and a number of carcinogens 
such as asbestos, benzene and polycyclic hydrocarbons (Tomatis & Fishbein 1993). 
Polycyclic hydrocarbons and other pollutants are formed by the combustion offossil 
fuel particularly in the urbanized or industrialized areas (Doll & Peto 1981). It is 
recognized that emissions from vehicles are the major source of carcinogens in urban 
air; while industrial exhausts are the principal source in highly industrialized areas 
(Prescott & Flexer 1986). 
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The measurement of the level of air pollution in epidemiology studies is 
problematic (Sainsbury et al. 1996). There are so many carcinogenic pollutants in 
the atmosphere and they undergo complex fluctuations both regionally and locally. 
Exact measurements are almost impossible, and most monitoring stations even in the 
most advanced countries are sparsely located as compared to the need in most studies 
and the coverage of the parameters measured is limited (Sainsbury et al 1996). 
Thus, the estimates of air pollution are based on surrogate indices (Speizer & Samet 
1994). The level of air pollution may be represented in various ways. The level of 
sulphur dioxide can be used as an index of the general level of air pollution because 
SO2 is strongly correlated with NO2, particulate matters, and benzo(a)pyrene 
concentrations (Kunst et al 1993). Ponka et al. (1993) used SO2 and NO2 assessed 
from mathematical models to study their association with lung cancer in Helsinki. 
Savitz and Feingold (1989) reported an association between childhood cancer and 
residential traffic density, which was used as a marker of potential exposure to 
vehicle exhaust, though they emphasized the need for further studies to evaluate the 
results. Proportion of industrial landuse in an area can also be used as a proxy for 
atmospheric pollution from industrial origins (Sainsbury et al 1996). 
While the acute effects of high concentration of air pollution are easier to 
observe, the long-term effects of exposure to relatively low levels ofair pollution are 
more difficult to ascertain, especially in the case of chronic diseases such as cancer 
(Doll & Peto 1981; Tomatis & Fishbein 1993). The effects of air pollution on 
human health have been widely studied (Lipfert 1994). Most studies on the 
carcinogenic effects of air pollution have focused on lung cancer (Tomatis & 
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Fishbein 1993). Outdoor and indoor air pollution are considered as contributors to 
lung cancer (Speizer & Samet 1994). Besides the recognition of various carcinogens 
in the polluted air, evidences of air pollution causing cancer are observed from the 
rural-urban and inter-urban gradients of lung cancer rates, and excesses of lung 
cancer in communities adjacent to certain large point sources of carcinogenic air 
pollutants, such as polluting industrial plants (Shy 1996). The association between 
air pollution and lung cancer mortality is still statistically significant after controlling 
the effect of tobacco smoking (Kunst et al. 1993). Moreover, though the effect ofair 
pollution may be small when compared to that of smoking, it affects smokers more 
than non-smokers (Albert & Bums 1977; Robinson 1985). 
Although lung cancer is the major subject in carcinogenic studies of air 
pollution, the effect of air pollutants is not limited to the lung, and other cancers are 
found to be associated with air pollution (Prescott & Flexer 1986; Swedish Cancer 
Committee 1992; Lipfert 1994). For example, associations between suspended air 
particulates and cancer of the stomach and the prostate have been observed (Levin et 
“/. 1974). Associations with cancer of the uterine cervix, oral cavity and pharynx, 
oesophagus, bladder, colon, and prostate have also been mentioned (Pershagen & 
Simonato 1993). 
Socio-economic Status 
Although socio-economic status is associated with many cancer risks, it is not 
a direct cause of cancer. It is a proxy measure for a variety of lifestyle and other 
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ways of environmental exposures to carcinogens (Van Loon et al 1995). Greenberg 
and Schneider (1995:612) stated that low socio-economic status is “a surrogate for a 
set of negative environmental characteristics: poor housing, dangerous jobs, 
unemployment, less frequent use of cancer-screening services". On the other hand, 
higher social classse may expose themselves to other sources of carcinogens. It is 
found that income level can affect lifestyles such as alcohol consumption, diet and 
use of health services (Thouez 1986). The most often used socio-economic 
indicators are income, education and occupation and the selection of indicators will 
affect the associations between socio-economic status and the cancer under study 
(Van Loon et al 1995). 
Notwithstanding, in many studies, the diversity of ways of characterizing 
socio-economic status is not limited to these indicators. Sainsbury et al (1996) 
related total cancer with the Townsend Deprivation Index, which is constructed from 
four census variables: unemployment, car ownership, home ownership, and 
crowdedness. Pollock and Vickers (1997) found strong positive association between 
lung cancer and the index. Population density is positively related to many types of 
cancers (Bumley 1992; Nasca et al 1992; Muirhead 1995; Pritchard & Evans 1997). 
Population density is a surrogate for many factors such as some vims-related factors, 
and the level ofurbanization and hence air pollution and lifestyles. It is also related 
to socio-economic status. 
In general, present evidences indicate that lower socio-economic status is 
associated with higher risk in total cancer. However, the direction of association 
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varies with different types of cancer (Levin et al 1974). In a review of 13 
epidemiologic studies, van Loon et al (1995) concluded that consistent positive 
associations between socio-economic status and risks of colon and female breast 
cancers were observed. On the other hand, negative associations were found for 
cancers of the lung, stomach, esophagus and oropharynx; inconsistent associations 
were found for cancer of the rectum and the pancreas. Rates of leukemia, 
particularly childhood, appeared to be higher in areas of higher socio-economic 
status (Alexander et al 1990; Muirhead 1995). Male cancers ofthe stomach and of 
the respiratory tract were found to be higher for manual occupation and low socio-
economic status, while areas of high socio-economic status are associated with 
higher colo-rectal and female breast cancers in an ecological study in Sydney 
(Bumley 1992). Association between middle class status and breast cancer was also 
reported elsewhere (Bumley 1992). 
Extremely Low Frequency Electromagnetic fields (ELF EMFs) 
Heretofore, discussions on cancer and air pollution and socio-economic status 
are made mainly with reference to ecological studies based on groups of individuals, 
as the two categories of variables are the most common environmental factors that 
are routinely collected in sources such as census. However, the following 
discussions on extremely low frequency electromagnetic fields in this section refer to 
evidences derived mainly from other types of studies such as analytic epidemiology 
on individual-level and experimental studies, by which the associations are usually 
investigated. 
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There are considerable debates on the possible carcinogenic effect associated 
with environmental exposure to extremely low frequency electromagnetic fields 
(ELF EMFs), that is, less than 300 Hz. The sources ofELF EMFs are usually high-
voltage overhead power lines and electrical transmission substations (Siesin et al 
1991; Advisory Group on Non-ionising Radiation 1992). Although household 
electrical appliances also generate ELF EMFs, the strength of the fields decay with 
distance at a much more rapid rate than that generated by power lines and substations 
(Siesin et al 1991). The field becomes negligible at the distance of one meter from 
the appliance, while the field strength of a 500kV powerline can reach on average a 
peak intensity of 3mG, at which adverse health effects may be induced (Siesin et al 
1991). The estimation of ELF EMFs can be made by direct measurement at 
distances of usually 50m ~ 100m from the power lines and transmission stations 
sources (Schreiber et al 1993; Washbum et al 1994; Li et al. 1997)，and wire code 
(Siesin et al 1991; Advisory Group on Non-ionising Radiation 1992). 
Most of the studies of ELF EMFs and cancer are conducted at the individual 
level and the major concerns are childhood cancer with residential exposure and 
adult cancer with occupational exposure (McManus 1988; Advisory Group on Non-
ionising Radiation 1992; Banks et al 1993). The cancers in concern are often 
leukemia, cancer of the nervous system, brain and lymphoma. The results were 
inconsistent from study to study (Schreiber et al 1993; Gammon & John 1993; 
Washbum et al 1994; Sahl & Murdock 1995). Associations are reported with 
leukemia, particular childhood, and cancer of the brain, male breast, skin and eye 
melanoma in some studies (Savitz et al 1988; Dolk et al 1997), while other studies 
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found no relationship (Severson et al. 1988; Schreiber et al. 1993; Linet et al. 1997; 
Tynes & Haldorsen 1997). 
2.8 GEOGRAPHICAL INFORMATION SYSTEMS 
Geographical information systems (GIS) are computerized information 
management system of geo-referenced information. GIS allow management, 
analysis and presentation of thematic data with their spatial context (Braddock et al 
1994). GIS are indispensable tools for geographers and decision makers because 
geographical information is part of our daily life and many decisions are constrained 
by geographical factors (ESRI 1990). They involve various aspects such as 
decisions on facility allocation, urban planning, transportation routing, health care 
planning, etc. GIS are distinct from other information systems owing to their unique 
ability to handle spatial data, as stated by Maguire et al (1991:17) that: 
"The key features which differentiate GIS from other information 
systems are the general focus on spatial entities and relationships, 
together with specific attention to spatial analytical and modeling 
operations. In a technical sense it is the ability to organize and integrate 
apparently disparate data sets together by geography which make GIS 
so powerful. The spatial searching and overlay operations are a key 
functional feature of GIS." 
Moreover, although GIS usually produce high quality graphical output in the 
form ofmaps, they differ from other graphic softwares in that they do not hold maps 
or graphics, but hold database (Scholten & de Lepper 1995). 
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2 . 9 G I S AND HEALTH 
A GIS is a useful tool for health researchers and planners because, as the 
expression of Scholten and Lepper cited by Loslier (1995:13) that: 
"Health and ill-health are affected by a variety of life-style and 
environmental factors, including where people live. Characteristics of 
these locations (including socio-demographic and environmental 
exposure) offer a valuable source for epidemiological research studies 
on health and the environment. Health and ill-health always have a 
spatial dimension therefore. More than a century ago, epidemiologists 
and other medical scientists began to explore the potential of maps for 
understanding the spatial dynamics of disease". 
As mentioned previously, the application of maps in descriptive 
epidemiology has a long history (Cliff & Haggett 1988). However, the recent 
development of GIS enables the graphical presentation (such as drawing maps) of 
health information “less time consuming and more exact" (Yoon 1995:202). Since 
many health events (both health care allocation and disease distribution) possess a 
spatial element, that is, having a location in space, thus sophisticated visualization of 
map-based data representation and associated analysis are important for detecting the 
spatial distribution ofhealth issues (Raybould and Walsh 1995). 
Although GIS have a relatively short history, they have been proven to 
improve various aspects of health research and health planning, as expressed by 
Bertrand and Mock (1995:265) that: 
"Geographic information system (GIS) technology may be the decade's 
single most important analytic tool for the advancement of the health 
and wellbeing of the world's population and environment." 
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In most cases, health researchers need various kinds of data in their studies, 
in which the data may be obtained from different sources and collected according to 
different geo-reference systems and scales (Bentham et al. 1994). Information from 
different sources can be linked to one another by a common key ~ spatial attribute. 
One of the powerful functions of GIS is to integrate them into a common and 
manageable format (Scholten & de Lepper 1995; Van Beurden & de Lepper 1995). 
Moreover, based on the common key, analytical tools such as overlay and buffering 
in GIS extend the capabilities of traditional relational database management system 
to perform spatial analysis (Loslier 1995). 
2,9,1 GIS Applications in Health Planning 
Health care problems are related to space since disease factors and the host 
G>eople) are unevenly distributed over space. Therefore, health decision makers may 
ask the question ofhow to allocate medical resources to meet the spatial variation in 
demand for health services. 
The decision making process not only requires enormous amounts of 
information from various sources, but also has to analyze the information within a 
limited time. Maps are a better means of representing information than tables or 
descriptions (Gordon & Womersley 1997) and are proven helpful in the investigation 
of spatial variation of the information mapped, such as disease burden, "high-risk" 
areas, distribution and utilization of existing health facilities. Maps can also convey 
other demographic and socio-economic information of the communities that are 
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needed to be considered in the planning of the health care system (Gobalet & 
Thomas 1996). 
GIS have been widely used in the health sector. Allocation of health care 
resources usually involves identification of service areas. An application of GIS 
identified localities for health need assessment in West Sussex of UK by integrating 
the concept of elements of the urban environment (paths, edges, districts, nodes, and 
landmark) with GIS (Bullen et al. 1996). Another example, which demonstrated the 
integration function of GIS, aimed at determining the best location to site a new 
hospital in Maryland, USA. Factors affecting the decision included physical 
(suitability for construction), demographic (demand for health care), and locations 
and capacities ofexisting hospitals (current supply). An indexed overlay ofmap was 
finally generated (Van Beurden & de Lepper 1995). Moreover, health and disease 
monitoring can be facilitated by GIS, resulting in more efficient implementation of 
health policy and management (Yoon 1995; Guha-Sapir 1995; Corbley 1996). 
Evaluation of health care policy implementation can also assisted by GIS (Bentham 
et al. 1994). 
2,9.2 GIS Applications in Health Research 
Health and ill-health, as mentioned previously, possess an indistinguishable 
spatial component and thus would vary over space. Epidemiologists and medical 
geographers at the first step are interested in identifying the spatial distribution and 
diffusion of diseases, and seeking out areas or regions of "excess risk" or "hot spot" 
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as well as areas with unexpectedly low risk. The patterns revealed in the maps are 
then investigated by the researcher hoping to find explanations for the disease 
etiology. Efficient mapping with GIS is therefore a indispensable tool to meet this 
end (Braddock et al 1994; Douven & Scholten 1995). 
GIS are not merely mapping tools but also useful spatial analytic tools in 
health research. While traditional information systems are able to analyze non-
spatial attributes of objects, GIS is characterized by its ability to handle the spatial 
component of health issues, extending the analysis of data based on their spatial 
characteristics (Loslier 1995). For example, in studies of infectious diseases, to 
which the concept of disease diffusion over space is essential, GIS are used to 
identify the environmental risk factors (Glass et al. 1995; Corbley 1996). Moreover, 
health effects of exposure to point sources of environmental pollution has raised 
much public concern, such as the reported excess of childhood leukemia cases 
around the Sellafield nuclear plant (Gardner 1992) and a raised risk of asthma in the 
vicinity of a polluting factory in northern England (Dunn et al. 1995). To study 
point sources of pollution and health outcomes, routine data are usually collected for 
the automated assessment of the suspected relationships. However, a powerful 
information system equipped with spatial queries and mapping tool is needed to 
address the problem, and GIS is such a system to meet the requirements (Elliott et al. 
1992b). 
The applications of GIS in health researches are diversified in nature. The 
dimension of GIS applications in health studies can range from simple application of 
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using a point-in-polygon overlay operation and visualization in the study of road 
traffic accidents among children (Raybould & Walsh 1995) to application of more 
sophisticated system, called the Geographical Analysis Machine (GAM), within 
which GIS is one of the components, in the study of childhood leukemia with respect 
to local nuclear facilities in the vicinity of Sellafield, UK (Thomas 1992). GIS can 
also be integrated with other statistical systems. For example, K-function analysis 
can be integrated with GIS to test possible clustering of health events (Kingham et 
al 1995;Jones etal 1996). 
2.10 CANCER STUDIES WITH G I S 
Searching for environmental causes of cancer needs tremendous efforts. As 
mentioned previously, GIS are indispensable tools in health research; similarly, they 
are proven especially useful in the study of cancer epidemiology. It is because in 
geographical study of cancer, which is characterized by multiple causal and 
modifying factors, the ability of GIS to handle multiple sources of environmental 
factors is critical to the etiology (Brody et al 1996). 
Regarding cancer mapping, GIS are undoubtedly unique technological 
advances that make the mapping process more accurate, diversified and speedy, not 
to mention the contribution of cancer maps in etiology. Since the initial 
development of GIS in 1970s and dramatic growth in 1980s, many computer-aided 
disease atlases, including cancer atlases, were produced in various countries (Pickle 
et al 1987; Glattre 1989; Pukkala 1989; Lloyd et al 1996). Different from hand-
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drawn maps, GIS-based maps are produced by retrieving data from the GIS database. 
Thus, the maps can be easily manipulated and updated. Maps can be tailored from 
the database according to the investigator's choice regarding the subject of interest in 
any particular research (Pommerenke et al. 1994). Advanced cancer mapping also 
involves the application of the Geographical Analysis Machine (GAM) as mentioned 
in the previous section. 
Spatial operations associated with GIS usually aid cancer researchers in 
exploring and understanding the spatial relationship among cancer and 
environmental factors. Gatrell and Dunn (1995) employed GIS methods in the 
modeling ofthe possible association between cancer of the larynx and incineration in 
north-west England. Modeling had been done by both areal units and spatial point 
process. For areal unit analysis, buffering and point-in-polygon overlay operation 
had been carried out. For point analysis, locations of observed cases are compared to 
that of control cases (case-control study) with a GIS. 
In addition, when the suspected environmental factors are spatially 
identifiable features, such as in the case ofhigh-voltage power lines generating ELF 
EMFs which have raised much public concerns in recent years, GIS can be used to 
characterize the spatial relationship between the suspected factors and the population 
at risk. With the aid by GIS, populations at higher risks defined by living within 
buffer zones of power lines can be easily identified from the others for further studies 
(Wartenberg et al 1993, Valjus et al 1995). 
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2.11 CONCLUSION 
In this chapter, the relationships among cancer, environment and geography 
have been reviewed via literature in the fields of cancer epidemiology and medical 
geography. The fact that cancers, like other disease, possess a spatial component and 
their occurrences vary over space at different geographical scales, together with the 
common belief that most cancers are environmentally induced, all stimulate 
epidemiologists and medical geographers in the field of cancer etiology. 
Various approaches of researches are available in cancer etiology. They are 
briefly discussed in this chapter. The way in which the knowledge of medical 
geography is related to epidemiology is given within the context of cancer 
researches. Maps and associative methods have been developed in the investigation, 
description and explanation of cancer patterns observed to vary greatly at the 
geographical scales from international to local. Moreover, cancer is a disease of 
multiple causality and thus requires a multivariate approach in the studies of 
environmental factors. 
Some of the environmental factors of cancers are discussed with previous 
attempts in geographical studies. These factors include air pollution, socio-economic 
and EMFs, although the possible diversity of environmental factors is not limited to 
them. 
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Geographical cancer studies using traditional analysis such as maps have a 
long history and often suggest causal hypotheses for tests in other studies. The 
development of GIS in geographical studies facilitate the management, analysis and 
display of geo-referencing data. Cancer occurrence, as other health issues, and 
environmental exposures vary over space and hence possesses both spatial and non-
spatial data. GIS is thus a efficient tool in the analysis of the pattem of cancer 




THE STUDY AREA AND RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
This chapter is divided into three sections. The first section gives a brief 
review on the disease transition in Hong Kong from acute infectious diseases to 
chronic non-communicable diseases, emphasizing the emergence of cancer as a 
major disease. In the second part, recent temporal and spatial patterns of cancer 
incidence and mortality are discussed, with emphasis given to a disease atlas 
published recently in Hong Kong as a milestone of ecological study locally. Final, 
the research details and methodological issues are discussed. 
3.2 DlSEASE TRANSITION IN HONG KONG 
It is well recognized that the disease pattem changes with the economic 
development process C^elson & Rogers 1989; Swedlund & Armdagos 1990; Mercer 
1990). Experiences from the westem countries show that infectious diseases have 
been declining in the industrialized societies since the improvement of diet and 
environmental hygiene and the emergence of modem medical advances. It has 
resulted in an increase in life expectancy. It is now expected that almost all children 
can grow up to adulthood and that most people can live into their seventies (Mercer 
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1990). However, as mentioned in chapter II, due to the deterioration of living 
environment and changes in life-styles, chronic diseases such as stroke, heart disease, 
and cancer have now become the leading causes of death in most developed 
countries. Due to the prevalence of chronic diseases in the westem countries, they 
are termed by some authors as "Westem diseases" (Trowell & Burkitt 1981; Temple 
& Burkitt 1994). 
The changing patterns of disease mortality with modernization is also 
observed in Hong Kong at an even much faster rate than what the westem world 
experienced in the past (Phillips 1988). Until the early 1950s, Hong Kong suffered 
from a variety ofinfectious, parasitic and nutritional diseases, like those experienced 
in other developing countries. In 1948, cancers accounted for only 2.95% of all 
deaths in Hong Kong (Phillips 1988). 
Since 1950，the health situation changed a lot. Acceleration of diseases 
transition was evident since 1960. Infant mortality declined sharply and "Westem 
diseases" dominated. The mortality and morbidity patterns now resemble those of 
the developed countries (Phillips 1988). Table 3.1 shows the transition of health 
profiles in Hong Kong during the past 50 years. For example, in 1951, infectious 
and parasitic diseases accounted for 23.6% of total number of deaths. The figure 
dropped sharply in the 1960s and became stable after the 1970s. Today, the 
proportion of death due to this group of disease is less than 4%. On the other hand, 
the proportion of death due to chronic diseases rose enormously. For example, the 
percentage of death due to diseases of circulatory system increased from less than 
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6% in 1951 to more than 28% in the 1990s; and that due to cancers increased from 
less than 5% to more than 30% during the same period. The transition reflects not 
only the success in controlling communicable diseases, lengthened life-span, 
improved general hygiene and advances in diagnose of chronic diseases, but also the 
changes in the nature of disease risks faced by the population. 
Table 3.1 Mortality by disease group in Hong Kong, 1951-1995 
_ _ ^ Percentage 
1951^ 1961^ 1971-75�1976-80�1981-85�1986-90° 1991-95^ 
Infectious and parasitic diseases 23.6 16.2 6.09 3.11 3.03 3.26 3.41 
Neoplasms 4.2 12.3 21.73 24.40 27.84 30.30 30.97 
Endocrine, nutritional and metabolic N D 1.03 1.34 0.97 0.93 1.43 
diseases and immunity disorder 0.9 
Diseases of blood and blood-forming ND 0.28 0.24 0.12 0.11 0.21 
organs 
Diseases of nervous system and 0.69 0.70 0.75 0.76 0.86 
sense organs 0.8 
Mental disorders ND 0.11 0.07 0.01 0.00 0.02 
Diseases of circulatory system 5.5 18.2 25.58 29.35 29.15 28.71 28.18 
Diseases of respiratory system 27.4 16.3 16.53 15.05 16.27 16.91 17.88 
Diseases of digestive system 15.0 7.7 5.01 4.49 4 .38 4.16 4.32 
Diseases of genitourinary system ND 2.0 2.97 3.56 4.12 4.56 3.79 
Complications of pregnancy, ND 0.3 0.05 0.04 0.02 0.01 0.02 
childbirth and puerperium 
Diseasesofthe skin and ND 0.11 0.13 0.03 0.02 0.07 
subcutaneous tissue 0.2 
Diseases ofthe musculoskeletal ND 0.16 0.14 0.20 0.20 0.15 
system and connective tissue 
Certain conditions originating in the ND 2.68 2.01 1.54 0.86 0 56 
perinatal period 8.8 
Congenital anomalies ND 1.66 1.44 1.05 0.80 0.51 
Symptoms, signs and ilWefined ND 10.4 7.53 6.55 3.73 2.51 1.96 
conditions 
lnjuryand poisoning ND 5.9 7.80 7.37 6.80 5.88 5.65 
A" causes 100 100 100.00 100.00 100.00 100.00 100.00 
N D : N o data provided in the source. They totally added to 24 .3% o f a l l causes. 
Source: ^ P h i l l i p s ( 1 9 8 8 : p . l 7 ) 
b Census and Statistics Department Nong Kong Annual Digest ofStatistics (1981, 91, 94, and 97). 
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3.3 CANCER IN CONTEMPORARY HONG KONG 
Cancer is now a major cause of death in Hong Kong. It accounts for about 
30% of all deaths in the 1990s. In 1992, 9,787 males and 7,463 females were 
diagnosed with cancer, and 5,569 males and 3,452 females died from this group of 
diseases (Hong Kong Cancer Registry 1996). Moreover, cancer is relatively 
common in old people and it occurs more frequently in men than women at a 
male:female ratio of l .3 : l . The age standardized incidence and mortality rates for all 
cancer was 300 and 171 per 100,000 for male respectively, while the corresponding 
figures for female were 213 and 93 only (Hong Kong Cancer Registry 1992). 
3,3,1 Trends of Cancer Mortality and Incidence 
Cancer had been increasing sharply with other Westem diseases during the 
1950s and 1960s. It had increased by more than 15% in terms of all deaths during 
the two decades (Table 3.1). Figure 3.1 sets out the proportion of all deaths 
accounted for by cancer between 1917 and 1996. Since 1970s, the rate of increase 
slowed down at a steady rate. However, it still increases faster than other chronic 
diseases such as that of the circulatory system (Phillips 1988). For instance, in 1995, 
the former one accounted for 31.7% of all deaths and the later one dropped to 27.8%, 
although both ofthem have increased in absolute numbers (Hong Kong Census and 
Statistics Department 1997). For both sexes, the crude rates have been steadily 
increasing since the 1970s, although a difference exists between the rates for male 
and female (Figure 3.2). 
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Figure 3.1 Proportion of deaths caused by cancer in Hong Kong, 1971-1996 
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Source: Census and Statistics Department Hong Kong Annual Digest ofStatistics (1981，91，94, and 97). 
Figure 3.2 Crude death rates from cancer by sex in Hong Kong, 1975-1994 
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Source: The Medical and Health Department 1984-85 Annual Departmental Report 
Department ofHealth 1994-95 Annual Departmental Report 
For incidence, both the numbers of new cancer cases identified and the 
corresponding crude rates also showed an increasing trend. Figure 3.3 shows the 
number ofnew cases and corresponding crude rates for male and female from 1985 
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to 1992. Nevertheless, although the crude rate of cancer incidence showed a steady 
trend ofincrease, the rate after standardization by age factor showed a slight decrease 
(Hong Kong Cancer Registry 1996). Crude incidence rate for males increased from 
312 per 100,000 in 1983 to 330 per 100,000 in 1992; while the age-standardized rate 
decreased from 350 per 100,000 to 300 per 100,000 for the same period. For females, 
the corresponding crude incidence rate increased from 246 to 262 while the age-
standardized incidence rate decreased from 229 to 213. It is believed that the raised 
crude rate is partly due to population aging and improved diseases classification 
(Hong Kong Cancer Registry 1992). 
Figure 3.3 Cancer incidence in Hong Kong, 1985-1992 
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Rates computed from estimated mid-year population in Census and Statistics Department HongKong 
Annual Digest of Statistics 1994 
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3.3.2 The Common Types of Cancer 
Tables 3.2 shows the most common cancer sites in terms of deaths and new 
cases in Hong Kong. Cancers of the lung and liver accounted for 31% and 13% of 
all deaths from cancer in 1992. Cancers of the colon and rectum, stomach, 
nasopharynx, oesophagus and female breast totally accounted for 29% of all 
cancer deaths. 
Moreover, males and females are subject to different types ofcancers. About 
28% of the cancers in females occurred in the sex-specific sites (i.e. breast and the 
genital organs) but the corresponding figure for males was only 3-4% (Hong Kong 
Cancer Registry 1991; Hong Kong Cancer Registry 1992). 
Lung cancer alone is the first-ranked cancer type and the second major cause 
among all causes of death for both sexes in Hong Kong. In 1992, 1,807 males and 
954 females died from lung cancer and the corresponding crude mortality rates were 
60.9 per 100,000 and 33.5 per 100,000 respectively. Overall, it accounted for 9% of 
all deaths and killed 8 persons daily in that year (Department of Health 1994). For 
males, the second and third major cancers were cancers of the liver and 
nasopharynx in terms of both incidence and mortality, between 1980s and 1990s. 
For females, lung cancer was followed by other cancers such as those ofthe breast, 
liver and colon for which their relative ranks changed with time (Hong Kong Cancer 
Registry 1992). 
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Table 3.2 Leading cancer sites in Hong Kong, 1992 
10 Most Common Cancers, 1992 10 Major Causes of Cancer Deaths, 1 9 ^ 
Males Males 
Age Age 
New cases std. Deaths std. 
Rank ICD-9 Site registered Rate Rank ICD-9 Site registered Rate 
1 162 Lung 2,268 69.2 1 162 Lung 1,807 55.3 
2 155 Liver 1,210 37.0 2 155 Liver 888 27.2 
3 147 Nasopharynx 796 23.4 3 147 Nasopharynx 345 10.4 
4 153 Colon 768 23.4 4 151 Stomach 342 10.6 
5 151 Stomach 585 17.9 5 153 Colon 337 10.3 
6 188 Bladder 463 14.4 6 150 Oesophagus 308 9.6 
7 150 Oesophagus 432 13.3 7 154 Rectum 192 6.0 
8 154 Rectum 431 13.0 8 188 Bladder 138 4.2 
9 185 Prostate 294 9.0 9 157 Pancreas 138 4.2 
10 200.202 NHL 260 8.0 10 200,202 NHL 109 3.3 
Females Females 
Age Age 
New cases std. Deaths std. 
Rank ICD-9 Site registered Rate Rank ICD-9 Site registered Rate 
1 162 Lung 1,149 29.9 1 162 Lung 954 24.4 
2 174 Breast 1,138 33.9 2 174 Breast 331 9.5 
3 153 Colon 719 20.0 3 153 Colon 285 7.4 
4 180 Cervix uteri 459 14.1 4 155 Liver 269 7.4 
5 155 Liver 362 9.9 5 151 Stomach 217 5.6 
6 151 Stomach 339 9.0 6 180 Cervix uteri 136 3.9 
7 154 Rectum 335 9.4 7 154 Rectum 132 3.6 
8 147 Nasopharynx 292 9.2 8 157 Pancreas 109 2.7 
9 193 Thyroid 247 7.6 9 156 Gallbladder 92 2.3 
10 183 Ovaryetc. 236 7.3 10 183 Qvaryetc. 91 2.6 
Both Sex Both Sex 
Age ~~ Age 
Newcases std. Deaths std. 
Rank ICD-9 Site registered Rate Rank ICD-9 Site registered Rate 
1 162 Lung 3.417 49.1 1 162 Lung 2,761 39 3 
2 155 Liver 1,572 23.6 2 155 Liver 1,157 173 
3 153 Colon 1,487 21.5 3 153 Colon 622 8 7 
4 174,175 Breast 1,145 16.8 4 151 Stomach 559 7.9 
5 147 Nasopharynx 1,088 16.6 5 147 Nasopharynx 432 6 7 
6 151 Stomach 924 13.2 6 150 Oesophagus 367 5.5 
7 154 Rectum 766 11.1 7 174,175 Breast 333 4 9 
8 188 Bladder 622 8.8 8 154 Rectum 324 4.7 
9 150 Oesophagus 541 8.1 9 157 Pancreas 247 3 4 
10 200,202 NHL 485 7.3 10 188 Bladder 186 2.5 
Note: ICD-9 = International Classif icat ion o f D i s e a s e , 9th revision, W H O 
Rates are age-standardized as per 100,000 persons ， 
Source: Adapted f rom Hong Kong Cancer Registry (1992: 4) 
International comparison revealed that certain types of cancers have high 
incidence rates in Hong Kong. Table 3.3 lists some selected cancers with their 
incidence rates age-standardized to the world population. Death rates from female 
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Table 3.3 Worldwide variations in the incidence of selected cancers 
Per 100,000 
Male i Female 
Hong~~Highest Lowest I Hong Highest Lowest 
Cancer Site Kong i Kong 
Nasopharynx 28.5 Hong Kong UK,Yorkshire# i 11.2 Hong Kong Finland# 
28.5 0.2 i 11.2 0.1 
Oesophagus 18.1 France, Calvados Israel: Jews bom j 3.6 lndia,Bangalore Polan, Warsaw 
26.5 in Africa/Asia j 8.8 "Rural"# 
1.3 \ 0.4 
Stomach 22.1 Japan, Yamagata lndia, Ahmedabad 丨 11.2 lndia,Ahmedabad Japan, Yamagata 
93.3 2.1 j 1.5 42.9 
Colon 21.7 US, Hawaii: Algeria, Setif j 16.7 Bermuda: Black Algeria, Setif 
Japanese 1.0 i 34.4 0.9 
37.2 丨 
Rectum 13.8 Czechos'ovakia, Algeria, Setif ： 9.3 Israel: All Jews Kuwait: Kuwaitis 
Boh.&Morav. 1.0 i 13.6 11 
22.9 丨 
Liver 39.2 Thailand, Khon Netherlands, 丨 9.6 Thailand, Khon Netherlands, 
Kaen Maastricht j Kaen Eindhoven 
90.0 0.8 j 38.3 0.4 
Lung 78.7 NewZealand: Mali, Bamako j 32.6 NewZealand: India, Madras 
Maori 4.8 j Maori 1.4 
119.1 i 62.2 
Female Breast - - - | 32.3 US, BayArea: The Gambia 
i White 3.4 
\ 104.2 
Cervixuteri - - - | 19.2 Peru, Trujillo Israel: Non^ews 
1 54.6 2.6 
Bladder 16.1 Italy, Trieste TheGambia# | 4 .6 US, New Orleans: India, Bangalore 
34.0 1.8 \ White 0.5 
1 7.4 
All Leukaemias 8.1 Australian Cap. lndia,Bangalore# j 6.3 US, Hawaii: India, Madras 
Terr. 2.7 \ Chinese 1.9 ‘ 
U i i 12.4 
Note: Rates per 100,000 standardized to the world populat ion. 
Rates based on fewer than ten cases are excluded, 
more than one place have the same rate but only one o f t h e m is shown here. 
Source: Parkin et al. 1992 Cancer Incidence in Five Continents Volume VI, I A R C 
lung cancer in Hong Kong are one of the highest in the world (Phillips 1988). 
While smoking factor was suspected to be associated with the high death rates from 
male lung cancer, however, the causal factor for female requires further investigation 
because female lung cancer frequently occurs in non-smokers (Phillips 1988). Liver 
cancer for both sexes are also among the highest rates in the world, particularly for 
male (Howe 1986). Hong Kong also has a very high incidence rate in 
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nasopharyngeal cancer pVPC) which is a cancer found commonly in Chinese 
originating from Guangdong province but is negligible in other populations of the 
world (Ho 1976; Phillips 1988). 
3.3,3 Geographical Variation of Cancer in Hong Kong 
Researches on the geographical distribution of cancer within Hong Kong are 
limited in numbers (Lloyd 1995). In the light of the benefits from disease mapping, 
geographical patterns of cancers were studied recently. The Atlas of Disease 
Mortalities in Hong Kong was published by the Department of Community and 
Family Medicine ofThe Chinese University ofHong Kong in 1996. It was the first 
comprehensive disease atlas published in Hong Kong, containing geographical 
patterns of major cancers as well as other diseases for three quinquennia between 
1979 and 1993. The authors emphasized in the atlas as well as in an preliminary 
study the importance of disease mapping and geographical analysis in the search of 
disease causation. The discussions on cancer distribution in the following 
paragraphs of this section are based on its findings. The cancer sites studied were 
nasopharyngeal cancer O^PC), oesophageal cancer, gastric cancer, colorectal cancer, 
liver cancer, lung cancer, breast cancer, cervical cancer, and leukemia. 
Mortality rates ofnasopharyngeal cancer were found to be persistently high 
in Cheung Chau for the three five-year periods between 1979 and 1993. The rates 
were also high in Aberdeen on Hong Kong Island for the first two periods. 
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Association with traditional diet of salted fish was suggested. For other districts in 
the New Territories, unexplained fluctuating patterns were observed. 
For oesophageal cancer, high rates were found in Chai Wan and Aberdeen 
in Hong Kong Island. There was a persistent cluster of high rates in northeast 
Kowloon. In the New Territories, districts in Tsuen Wan, Tuen Mun and Yuen 
Long, occasional high rates were observed. A factor concerning diet was suspected. 
Gastric cancer rate was high for male persistently and female occasionally 
in Aberdeen. Other districts showing sporadic raised rates included Chai Wan, 
eastem Kowloon, and Outer Islands. Further investigation of factor ofpollutants in 
fish diet was suggested. 
Colorectal cancer (cancers of the colon and rectum) was relatively rare in 
the poorer and traditional areas of the northern New Territories. Higher rates were 
detected in northern Hong Kong Island and affluent Kowloon Tong and South 
district. Westem diet was the most apparent factor. 
Rates of liver cancer were consistently low in the affluent and urbanized 
districts such as the Peak and Quarry Bay. On the other hand, high rates were found 
in densely populated areas. In Hong Kong Island, high rates were observed in 
Aberdeen, Shau Kei Wan and southern Wan Chai. Intermittently raised rates were 
also found in Kowloon City/Wong Tai Sin, Sham Shui Po, Cheung Sha Wan and 
Yau Ma Tei. In the New Territories, Tsing Yi Island, Tsuen Wan New Town, and 
59 
rural districts like Tai Po, Sai Kung and Cheung Chau showed a high rate of liver 
cancer. Crowding, urbanization, general pollution and hygiene were suggested to be 
associated with the disease. 
Lung cancer is the number-one death-causing cancer for both sex in Hong 
Kong. The geographical pattem of lung cancer showed a strong association with 
social class. High rates were found in poor districts and low rates in affluent areas. 
In Hong Kong Island, high rates were observed frequently in districts such as 
Aberdeen, southern Wan Chai, Shau Kei Wan, Chai Wan, southern Pokfulam, 
Sheung Wan and Tai Hang. In Kowloon, districts of southern Cheung Sha Wan, 
Sham Shui Po, and southern Kowloon City/Wong Tai Sin had high rates of lung 
cancer. Consistent high rate was also recorded in Shatin while less persistent high 
rates in Tsing Yi and Cheung Chau. Suspected factors included tobacco, industrial 
pollution and indoor cooking. 
High rates of female breast cancer were found in the more affluent areas in 
Hong Kong Island near the northern coast but not in the most affluent parts. Only 
unexplained moderately raised rates were found in both poor and affluent districts. 
Exceptional high rates were observed in Cheung Chau and Outer Islands. Despite 
the exceptions, traditional life-styles may be associated with certain protective 
effects. 
The highest rates in cervical cancer were found in Wan Chai and Yau Ma 
TeiMong Kok areas which are characterized as "red light" districts. Sporadic high 
60 
rates were also found in northern Kowloon and the northern and the westem coast of 
Hong Kong Island. No high rate area was detected in the New Territories. Sex-
related aetiology was suggested by the geographical pattem. 
The spatial pattem of leukaemia was not so apparent. Only moderately high 
rates were observed in Kowloon City/Wong Tai Sin, southern Cheung Sha Wan, 
Tsim Sha Tsui, Shek Kip Mei, Kwun Tong and Tsim Sha Tsui in Kowloon, southern 
Wan Chai and Tai Hang in Hong Kong Island，and Tsuen Wan in the New 
Territories. No apparent factor was suggested. 
The publication of the Atlas of Disease Mortalities in Hong Kong is a 
milestone indicating that small-area health study is feasible in Hong Kong. The fact 
that small-area health studies have been initiated in the European Region of the 
World Health Organization in recent years emphasizes the importance of localized 
studies on the impact of environment on health (Elliott et al. 1992a). 
3.4 THE RESEARCH 
This research conducted an ecological study on cancer data with selected 
environmental variables and analyzed cancer mortality data published in the Atlas of 
Disease Mortalities in Hong Kong and cancer incidence data from a report named 
Cancer Incidence in Hong Kong 1984-88: Mapping and epidemiological Analysis 
prepared by the same authors. Indirectly age-adjusted cancer rates were calculated 
based on data in these sources. The details on the calculation ofthe rates are given in 
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section 3.4.3 ofthis chapter. Environmental data obtained from various sources were 
manipulated according to the setting of areal units to which the cancer data were 
delimited. In ecological studies, it is necessary that both the cancer data and relevant 
environmental variables are measured at the same areal units. Moreover, the time 
periods of this research had to be identical to that of the cancer data sources, that is, 
three five-years periods of 1979-83, 1984-88，and 1989-93. For cancer incidence, 
since data were only available for the 1984-88 period, analyses on incidence data 
were carried out for that period. Cancers for males and females were analyzed 
separately in accordance with the data sources. 
After the above review on cancer epidemiology, ecological study and the 
background information on the study area, the methods of analysis adopted in this 
research as an exploratory study are given in the following sections. 
3.4,1 Cartographic Analysis 
Maps were produced with the aid of GIS to convey pictorially the 
geographical patterns of cancers and environmental factors. The unique property of 
geographical data are their locational attributes which are better presented in maps 
rather than in tables or in verbal descriptions. In this study, choropleth maps of 
indirectly age-standardized cancer incidence and mortality rates for each sex, factor 
scores of socio-economic variables, traffic load, densities of high voltage overhead 
power lines and major power substations were generated from a GIS database. They 
not only provided qualitative assessment of the patterns of cancer and explanatory 
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factors, but also aided in the interpretation of results obtained from further statistical 
analyses. 
3,4,2 Statistical Analyses 
Three categories of statistical analyses were performed in this research. They 
included spatial autocorrelation, Pearson correlation and weighted stepwise multiple 
regression. The former one was used to objectively describe the geographical 
patterns of cancer rates, while the latter two tried to associate the cancer rates with 
socio-economic and environmental variables. 
Spatial Autocorrelation 
Spatial autocorrelation was calculated for each cancer type, by each sex and 
each five-years time period, and for both mortality and incidence data. For each data 
set，both the Geary's c and Moran's I indices were computed. Since the theoretical 
fundamental of the two indices is different in the definition of attribute similarity 
between two subareas, the general form in equation 2.1 has to be rewritten. 
According to Goodchild (1986), the formula for Geary's c index is: 
^=(SS>^^)/ (2EE^^') (3.1) 
‘ j i j 
where 
Cij = ( " � 2 
一 = Z ( Z , _ ^ 2 / 0 _ 1 ) 
/ 
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and the formula for Moran's I index is: 
l = ( 2 ^ c " ) " 2 Z 2 > " (3.2) 
‘ j ‘ j 
where 
Cij = (Z| - z ) { Z j - z ) 
P = Y^{z,-zfln 
i 
zi and zj are cancer rates in subarea i and j respectively, and z denotes the 
mean of all z. cf denotes variance of z values while s2 denotes sample variance of z 
values. For simplicity, the locational similarity, wfj, was measured in a binary 
fashion that it has a value of 1 if i and j shared a common boundary, and zero 
otherwise. The identification of adjacencies among subareas was facilitated by the 
left-right topology inherent in GIS. Contiguity allow the GIS to recognize whether a 
polygon (subarea) is adjacent to another one (ESRI 1990). The detailed procedures 
for extracting the locational similarity from GIS database are given in the next 
chapter. Moreover, the calculations of the indices and corresponding statistical 
significances were executed by a BASIC programme modified from Goodchild 
(1986) by the author (see appendix IV). 
Pearson Correlation 
Correlation is the most common statistical method applied in ecological 
studies. Since both cancer rates and environmental variables are measured in 
ratio/interval scale, Pearson correlation coefficients are suitable in representing the 
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magnitude of association. A variety of coefficients were computed. First, 
correlation among various cancer types were used to determine whether some 
cancers would have common causal factors if they show positive correlation in 
patterns. Second, correlation among cancer rates in successive time periods for each 
cancer and each sex was calculated to examine the temporal persistence of the 
geographical pattem of each cancer. Third, correlations between cancer incidence 
data and mortality data for the 1984-88 period were used to determine whether 
mortality data is a reasonable surrogate for incidence data because, in most 
circumstances, the former one is more probably available. Finally, correlations 
between cancer rates and socio-economic and environmental variables were 
calculated. The association of any particular cancer and any particular 
environmental and/or socio-economic variable(s) could thus be examined. 
Correlation matrices were constructed for investigation. 
Weighted Stepwise Multiple Regression 
Examining associations via correlation coefficients is limited by the fact that 
relation between only two variables could be assessed at one time. Moreover, the 
multi-factorial nature of cancer causation requires the data to be analyzed by 
multivariate methods. Stepwise multiple regression model was constructed for each 
cancer for each sex and time period. 
Among various procedure of variable selection, the stepwise method was 
adopted to identify which combination of independent variables could best explain 
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the variations in the cancer rates. In short, independent variables were examined at 
each step for entry or removal. The criteria for entry (PIN[) and removal (POUT) in 
terms of significance of the F value were set at 0.05 and 0.01 respectively. 
Significance testing of overall regression models and regression coefficients was 
performed by using the F test and t test respectively. Confidence level was set at 
950/0. The performance of all regression models was evaluated by their explanatory 
power (R square) while the relative importance of independent variables in the 
models was evaluated by their standardized regression coefficients (beta weight). 
Moreover, cancer rates were weighted by the reciprocal oftheir variances. It 
was because the variances of the adjusted cancer rates were different for different 
communities, resulting in the problem of non-constant variance in regression 
analyses. Therefore, by the means of weighting, communities with large variances 
had less impact on the regression analysis than communities with small variances. 
According to Kahn and Sempos (1989: 99), the approximation of variance of the 
indirectly standardized rate (ISR) of, say, community a, is: 
T.Pia^ia f S ^ / A . V , � � 
vir(/OTJ 三 ^ — — - ~ ^ ~ (5-1) 
(LPis^iaY L^is 
i V i J 
where 
P'o 二 age-specific rate for age group i in community a 
Pis 二 age-specific rate for age group i in standard population 
i^a 二 population-at-risk for age group i in community a 
w/_y = population-at-risk for age group i in standard population 
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3,4,3 Cancer Variables 
The cancer types studied in this research were the same as those in the data 
sources. Table 3.4 tabulates the cancer variables used in this research. In brief, total 
cancer, cancers of the nasopharynx, oesophagus, stomach (gastric cancer), colon and 
rectum (colorectal cancer), liver, lung and leukaemia were included for both sexes 
for mortality data. In addition, cancers of the breast and cervix uteri applied only to 
female. For incidence data, the same types of cancers were included except the total 
cancer which was not available in the data source. In this research, the same sets of 
cancer incidence and mortality data were used as ordinary variables in spatial 
autocorrelation and correlational analysis as well as dependent variables in 
regression analysis. 
Table 3.4 Cancer variables used in this research 
Mortality Data (1979-1993) Incidence Data (1984-1988) 
Cancer Site Male Female Male | Female ~ 
Total cancer z z 
Nasopharynx z z z ^ 
Oesophagus >^  z z ^ 
Stomach (gastric) 7 •/ z z 
Colon and rectum v z z z 
Liver z v ^ ^ 
Lung V z z z 
Leukaemia z z z ^ 
Female Breast z ^ 
Cervix uteri z ^ 
Note: all variables were expressed as age-standardized rates per 100,000 person-year (indirect method) 
" ^ " denotes used variable 
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Data on cancer incidence and mortality were originally represented in terms 
of standardized mortality ratio (SMR) and standardized incidence ratio (SIR)^ in 65 
“communities’’ (areal units) in the sources. They were transformed to age-
standardized incidence and age-standardized mortality rates per 100,000 person-year^ 
respectively. 
There are in general two methods to standardize the rates, namely the direct 
method and the indirect method (Kahn & Sempos 1989; Hill & Hill 1991; Esteve et 
al- 1994; Bland 1995). The rationale of age-standardization (age-adjustment) is that 
since cancer rates are closely related to age, and the age structures of each areal unit 
in the study area may not be the same, therefore the crude rates are not good 
indicators for comparison. In brief, standardization with the direct method involves 
the application of age-specific rates� of the community to the age structure of a 
standard population (usually chosen from that of the whole study area，country, or 
the world population). All communities are thus supposed to have the same age 
structure and therefore comparisons among communities are made possible. This 
method requires the knowledge of (1) the age structure of the standard population 
and (2) the age-specific rates of the communities. 
1 SMR is the ratio of observed number of mortality cases to expected number, and similarly, SIR is 
ti^ ratio for incidence data. The calculations of the expected number involve the application of 
2 mdirect standardization method and choice ofareference (standard) population. 
A person-year refers to the concept that one person being alive for one year and exposed to the 
chance ofdying (Cornell 1984). Per 100,000 person-year means per 100,000 persons per year 
durmg the five years of study period. There are totally three five-years periods for mortality and one 
3 five-years period for incidence in this research. For detailed discussion, see text. 
Age-specific rate refers to the rate in a particular sex-age-group ofthe population. 
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In many cases, where the requirements for adopting the direct method cannot 
be met, standardization by the indirect method is considered. Indirect method of 
standardization is used when (1) the age-specific rates for the communities under 
study are not available and/or (2) the age-specific rates, even if available, are very 
unstable due to small number of observed cases in each age group in the 
communities. In addition to the above limitation, indirect method was used in this 
research mainly because SIR and SMR in the sources were calculated by the indirect 
method and thus could be transformed into indirect rates by simple procedures. 
The standardization by the indirect method, in contrast to the direct method, 
involves the application of age-specific rates of the standard population to the age 
structures of the communities. All communities thus possess the same age-specific 
rates as the standard population but their own age structures. The indirectly 
standardized rate (ISR) for, say, community a, is: 
T^Pia^ia IPisHis 
^SK = (^——)(^~) 
LPi,ia ^riis 
i i 
_ observed cases in community a Crude rate in 
~~expected cases if standardized ^ standard area (3 .3) 
rates applied to population a 
where 
Pia = age-specific rate for age group i in community a 
Pis = age-specific rate for age group i in standard population 
nia = population-at-risk for age group i in community a 
i^s = population-at-risk for age group i in standard population 
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The element (^Pia^ia /XP's^ia) ^ the right-hand side of equation 3.3 is 
；• / / 
equivalent to the standardized incidence/mortality ratio (SIR and SMR) divided by 
100. Thus, the transformation procedure involved dividing the SIR and SMR in the 
sources by 100 and then multiplying with relevant crude rates of the whole Hong 
Kong provided in the sources. Theoretically, rates among communities computed by 
the indirect method are not directly comparable with one another fVerma et al. 
1993). However, "it is difficult to find practical examples in which such a 
comparison is a source of substantial error" (Kahn & Sempos 1989:97). Moreover, it 
is found that "comparisons based on direct and indirect adjustment have usually 
given similar results" (Friedman 1994:207). Based on the above arguments, the 
indirectly standardized cancer incidence and mortality rates were used in this 
research. 
3.4.4 Environmental Variables 
The term environmental variables include socio-economic and environmental 
factors. It should be noted that the variables chosen in this research were limited to 
those which would show spatial variations among sub-regions in Hong Kong and 
such variations were measurable. For example, although smoking is a well known 
factor for lung cancer, it is not probable to obtain data on the spatial patterns of 
smoking in Hong Kong. Therefore, the environmental variables studied in this 
research were socioeconomic status reflected by demographic indicators, air 
pollution level measured by traffic index, and extremely low frequency 
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electromagnetic fields (ELF EMFs) represented by densities of high-voltage 
overhead power lines and major power-transmission substations (Table 3.5). Since 
the derivation ofthese variables required the GIS database and associated operations, 
the detailed procedures and discussions were given in Chapter IV. 
Table 3.5 Environmental variables used in this research 
Descriptions 
Period 1 (1979-83) Period 2 (1984-88) Period 3 (1989-93) 
Socio-economic Status^ 
• Factor1 • high socioeconomic • high socio-economic • high socio-economic 
status status status 
• Factor2 • mid-educated working • aged single household • married homeowner 
class 
• Factor3 • aged single household • mid-educated working • mid^ducated working 
class class 
• Factor4 • married homeowner • married home-owner • aged single household 
AirPollution 
• Compromised traffic index • community traffic load directly proportional to traffic volume and road 
surface area, and inversely proportional to community area 
ELFEMFs 
• Density of Power Lines • proportion of community area within 100m from high-voltage overhead 
power lines 
• Density of Power Substations • proportion of community area within 100m from major power 
transmission substations 
Note: a 18 initial variables reduced to 4 dimensions after factor analysis 
3 . 5 CONCLUSION 
Cancer has became a major disease in Hong Kong. The proportion of deaths 
due to cancer is steadily increasing. The number ofnew cancer cases is also rising 
due to the aging population. 
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One of the ways to study the cancer problem is through a geographical 
perspective. In the light of successes in mapping diseases over the world, a disease 
atlas of Hong Kong has been published recently which highlights the possibility of 
geographical analysis of cancer patterns within such a small area ofHong Kong. 
A step further from mapping cancer is to conduct ecological studies. This 
chapter has outlined the rationale, design and analyses of this research as an 
exploratory ecological study based on cancer mortality and incidence data from 
existing sources. Manipulations and transformations of the cancer data have been 
discussed in details. On the other hand, environmental variables have been briefly 
introduced in this chapter while the detailed derivation procedures and associated 





An overview of the variables has been outlined in the previous chapter. In 
this chapter, the procedures of constructing a spatial database and from which the 
variables were derived are discussed in four sections: (1) data collection，(2) data 
input, (3) data editing and conversions，and (4) data pre-processing and manipulation 
4.2 DATA COLLECTION 
To construct the GIS database, data were collected from various sources. 
Table 4.1 summarizes the data used, their sources and relevant information. They 
included data on cancer rates and relevant environmental factors. The following 
sections give more detailed description on each ofthem. 
4,2,1 Base Maps 
The base maps used in this research were TPU (Tertiary Planning Unit) 
boundary maps of Hong Kong for 1981, 1986 and 1991. Other cartographic maps 
were 1:20,000 digital maps from the Land Information Centre showing road 
73 
_.1 
Table 4.1 Summary of data sources, formats and types in this research 
Data Source Format Data Type in GIS 
Hong Kong base maps 1:20,000TPUboundarymaps(81,86&91) Digital Spatial (polygon) 
Location of high-voltage China Light & Power Company Limited and Analog Spatial (arc) 
overhead power lines the Hong Kong Electric Company Limited 
Location of major power China Light & Power Company Limited and Analog Spatial (point) 
transmission substations the Hong Kong Electric Company Limited 
Location of traffic counting Official statistics: Annual Traffic Census Analog Spatial (point) 
stations (1981,1986 and1991) 
Attributes of cancers Atlas of Disease Mortality in Hong Kong and Analog Non-spatial attributes 
mortalities and incidence Cancer Incidence in Hong Kong 1984-88 * 
Commissioning years of China Light & Power Company Limited and Analog Non-spatial attributes 
powerlines and substations the Hong Kong Electric Company Limited 
Attributes of traffic flows in Official statistics: Annual Traffic Census Analog Non-spatial attributes 
counting stations (1981,1986 and 1991) 
Socio-economic status Official statistics: 1981 Population Census Analog Non-spatial attributes 
1986 Population By-census 
1991 Population Census 
# Unpubl ished report by Depar tment of Communi ty and Fami ly Medic ine , The Chinese Universi ty o f H o n g Kong 
networks and buildings detailed enough for additional information such as power 
lines, power substations and traffic counting stations to be added upon. 
4,2,2 Cancer Data 
Detailed discussions on various issues of cancer data have been given in 
Chapter III. To reiterate, SMR data on various cancers were extracted from tables in 
the Atlas ofDisease Mortalities in Hong Kong while SIR data were obtained from 
the Department of Community and Family Medicine of The Chinese University of 
Hong Kong. For the former one, mortality data were obtained from the Census and 
Statistics Department of Hong Kong while for the later one, incidence data were 
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obtained from the Hong Kong Cancer Registry. Reliability of both mortality and 
incidence data were discussed in the sources and thus would not be given here. 
4.2.3 Socio-demographic Data 
As discussed in Chapter II，cancers are found to be related to socio-economic 
status which reflects various aspects of the life of a person. In an ecological study, 
socio-economic status is measured in terms of social and demographic indicators by 
areal units of the study area. 
Reports of the 1981 Census, the 1986 By-census and the 1991 Census were 
the basic references of all socio-demographic variables for each of the three 
successive five-year study periods. They provided details for each TPU (or TPU 
groups) on the population by sex and age, statistics about income, economic activity, 
population density, living quarter types and educational levels. The study periods 
were centered at the Census/By-census years in order to minimize potential errors 
associated with any structural changes of the population during the study periods. 
4.2.4 A ir Pollution 
The levels of air pollution are affected by various factors, such as industrial 
exhaust, vehicle emission, construction sites and others. In Hong Kong, air quality 
monitoring stations have been set up by the Environmental Protection Department to 
record levels of certain types of air pollutants. However, they are scattered over 
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space especially before the mid-80s/ and the parameters measured vary between 
stations. Thus, proxy had to be adopted to represent the spatial variations of air 
quality in a finer scale. Data on industrial source was considered but finally 
discarded because complete office statistics were not available before 1990s.^ Power 
plants were not included in this research because the pollutants emitted are assumed 
to affect the general air quality of large area rather than local. Consequently, traffic 
flow was used as a surrogate for air pollution because motor vehicles were the major 
contributors of respirable suspended particulate (RSP) and nitrogen oxides ^S[Ox), 
accounting for about 50% of total RSP emission and about 30% of NOx emission 
(Environmental Protection Department 1992, 1996). 
A network of traffic counting stations has been set up by the Transport 
Department of Hong Kong, which provides annual statistics on traffic flows 
represented as AADT (Annual Average Daily Traffic) for road segments. The traffic 
surveys cover over 90% of the total road length in Hong Kong. In this research, data 
on each counting station were obtained from Annual traffic census (and Technical 
Report for years before 1990) for the same years as the Census/By-census years, that 
is 1981，1986 and 1991, to represent the traffic conditions for each ofthe five-year 
periods. Locations of the counting stations were also obtained from paper maps 
attached in the appendices of the annual reports. 
1 By the end of 1984, there were only six stations in the territory, namely, Causeway Bay 
CentraVWestem, Junk Bay, Kwun Tong, Sham Shui Po and Tsim Sha Tsui. Stations in Kwai 
Chung and Tsuen Wan joined in 1988 and Hong Kong South in 1989. In the 1990s a few more 
2 stations were set up in Tai Po (1990), Mong Kok (1991)，Shatin (1991) and Yuen Long(1993). 
The EPD updates its data on chimney emission each time after site visit. Thus, historical record for 




Information on high-voltage overhead power lines and major power 
transmission substations, regarding their location，voltage and commissioning year 
were obtained directly from the two power generating companies in Hong Kong, 
namely the China Light & Power Company Limited serving Kowloon and the New 
Territories, and the Hong Kong Electric Company Limited serving Hong Kong 
Island and Lamma Island. All power lines and substations that already exist and 
operate within any study period were included in that particular period. 
4.3 DATA lNPUT 
GIS data could be broadly divided into spatial and non-spatial data. For 
spatial data, their locational information is the subject of concern. In this research, 
the Hong Kong base maps, high-voltage overhead power lines, major power 
transmission substations and traffic counting stations are regarded as spatial features. 
On the other hand, non-spatial data are attributes expressed in values or text 
describing any spatial features. In this research, attributes data were cancer rates, 
socio-economic indicators, AADT and commissioning years ofELF EMFs features. 
4.3.1 Spatial Data 
Some ofthe spatial data were readily available in digital format, while others 
had to be inputted to the GIS. For analog data, manual digitization was performed to 
convert them to digital formats. 
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4.3.1.1 Base Maps 
Digital Hong Kong base maps for relevant years were ready for use at the 
Department of Geography, Chinese University of Hong Kong. All of them were 
polygon coverages that contained TPU boundaries of the whole territory. 
4.3.1.2 Point Data 
Major power transmission substations and road traffic counting stations were 
regarded as point features in this research. Efforts had been made to locate both of 
them manually. It should be noted that address matching would have improved this 
process if coverages of road center line had been available. However, such kinds of 
coverages were not available at the time ofthis research. 
Data on power substations were provided with address, while that on traffic 
counting stations were given the road names and locations plotted on small-scale 
paper maps. They were first located with the aid of the Hong Kong Guidebook 
(various issues). Then, using 1:20,000 digital maps of roads and buildings as 
background coverages, they were manually digitized. All power substations were 
digitized on one coverage regardless of time periods, while traffic counting stations 
on three separate coverages according to the three five-year periods. 
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4.3.1.3 Line Data 
High-voltage overhead power lines were modeled as arc features. Since they 
were originally in paper map format, their locations were cross-checked with 
1:20,000 topographic paper maps before digitizing. Using 1:20,000 digital maps as 
background coverages, all power lines were then on-screen digitized manually on 
one coverage regardless of time periods. 
Moreover, 1:20,000 digital maps of road networks in Hong Kong were ready 
for deriving the traffic index in each community. However, the maps showed 
symbolic features rather than center lines of roads. Thus, further manipulation was 
needed for further analysis and it is discussed in later sections. 
4,3.2 Attribute Data 
Attribute data in this research included cancer rates (which were transformed 
from SMR and SIR) by community, socio-economic variables by TPU, AADT by 
counting station, and commissioning years of power lines and substations. Entry and 
storage of attribute data were managed in Microsoft Excel spreadsheets. Data on 
AADT and commissioning year were ready to be attached to map features. On the 
other hand, raw data cancer rates and socio-economic variables needed re-grouping, 
calculation and manipulation before being attached to associated map features. Such 
processes were discussed in following sections. 
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4.4 DATA EDITING AND CONVERSIONS 
Since the spatial and attribute data were raw in nature and not ready for data 
extraction and further analysis, they had to be tailored to meet the needs of this 
research. 
4,4,1 Spatial Data 
Both existing and newly digitized coverages needed editing. These included 
standard procedures of identifying and correcting digitizing errors as well as specific 
procedures ofjoining map sheets and merging polygons. 
4.4.1.1 Standard Coverage Editing Procedures 
Manual digitization process usually yields spatial errors. As errors are almost 
inevitable, they must be checked and then removed. That is，the coverages should be 
free ofspatial errors before constructing topology and attaching any attribute data. 
Guidelines for standard procedure of coverage editing are shown in Table 
4.2. In general, coverages were first checked for any missing or extra features. 
Locations of the digitized features had to be examined thoroughly. For point 
features of counting stations and power substations, no point should fall into water 
bodies. Their locations were also checked with existing coverages of roads and 
buildings. For line features of power lines, attention was given to their shapes and 
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locations. They were checked with existing coverages of road, buildings and contour 
lines to detect any significant divergence from locations shown on paper maps. For 
both point and line coverages, features' User-IDs were scrutinized because they were 
the keys to join any attribute data into the coverages. Any incorrect value would 
result in wrong matching of spatial features with their attributes. Correction ofvalue 
was made for any wrong User-ID identified. 
Table 4.2 Guidelines for standard coverage editing 
Identify digitizing error (If...) Fix the error (Then...) 
Feature that should have be digitized but was not input (Missing data) Add the feature 
Feature that should not exist but was digitized (Extra data) Remove the feature 
Feature was not in the right place (Inaccurate data) Move the feature to it right place / Re-digitize 
Feature was given incorrect User-ID value Mark the correct value 
4.4.1.2 Specific Coverage Editing Procedures 
After being checked for digitizing errors, the coverages underwent specific 
editing and converting procedures to suit this research. Three major operations were 
included. 
Appending Coverages: The road network ofHong Kong was appended from 
sixteen 1:20,000 digital maps. Since the appended map showed the road network for 
mid-90s, they had to be edited to represent situations of roads for earlier study 
periods. The Hong Kong Guidebook (various issues) and 1:20,000 paper maps were 
used as references. 
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Dissolving Polygons: The basic areal units of analysis in this research 
coincided with that in the cancer data sources. That is, the whole territory of Hong 
Kong was divided into 65 communities. Since the base maps available showed TPU 
boundaries, the TPUs had to be regrouped to form the communities through polygon 
"dissolve" procedure. 
Creating Regions: Region is a feature class composed of polygons and is 
available in ARC/INFO 7.0. Regions were used because many communities 
consisted of several non-contiguous polygons, especially when there were islands. 
Thus, polygons that belonged to a region could be handled as a single feature. 
Therefore, community polygon coverages were converted to region-structured 
coverages via "regiondissolve" procedure. 
Extracting Features from Coverage: As all power lines and power substations 
were first digitized regardless of the time factor, they had to be separated to different 
coverages according to various study periods. "Reselect" procedures were used to 
extract features from the original coverages and then put the selected features onto 
new coverages based on their attribute values of commissioning years. Features 
were assigned to relevant five-year period by logical expressions to select the 




Both cancer data and socio-economic variables needed to be tailored. Apart 
from being converted to rates, some of the cancer data were excluded from analysis 
to the problem of small number of observed cases, which would result in unstable 
rates. Socio-demographic variables needed to be regrouped and re-calculated 
according to 65 communities. 
4.4.2.1 Cancer Rates 
Rationale of using indirectly standardized rates has been thoroughly 
discussed in Chapter III, while the procedures are given in this section. SMR and 
SIR by 65 communities were managed in Excel files. A file was created for each 
five-year period, and mortality and incidence were separated for the second period. 
That is, there were totally four files. Each file contained SMR (or SIR) by 
community and by sex. Calculation of a specific ISR involved dividing relevant 
SMR (or SIR) by 100 and then multiplying it with corresponding crude rate for Hong 
Kong. Consequently, four dBase files were generated containing ISR as well as 
community code so that the files were ready for geocoding. The code acted as a 
common field in the file and in the coverage for them to be linked to each other. 
Moreover, in order to avoid statistical instability resulting from small 
numbers of observed cases, a community would be excluded from an analysis for 
any particular cancer and sex and time period i f ( l ) less than 4 deaths (or new cases) 
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were observed in that community and (2) the resultant SMR (or SIR) was not 
statistically significant for that particular cancer and sex and time period. It is risky 
to make epidemiological interpretation based on small numbers because of the effect 
of underlying random variation (Hole & Lamont 1992; Esteve et al 1994; Lloyd et 
al 1996). A SMR (or SIR) was regarded as statistically significant (significantly 
different from 100) if it was beyond its 95% confidence limits.^ Fortunately, the 
numbers of communities which remained valid for analysis were acceptable (Table 
4.3). 
Table 4.3 Number of communities valid for analysis 
Number of valid communi t ies (out of 65) 
Mortal i ty Incidence 
C a n c e r S i te 1979-1983 1984-1988 1989-1993 1984-1988 
Male — 
Total cancer 65 65 65 N/A 
Nasopharynx 59 59 56 65 
Oesophagus 54 53 56 59 
Stomach (Gastric) 52 56 58 62 
Colon and rectum 59 62 65 65 
Liver 65 65 65 65 ； 
Lung 65 65 65 65 
Leukaemia 43 41 4 1 5 1 
Female 
Total cancer 65 65 65 N/A 
Nasopharynx 42 45 40 59 
Oesophagus 27 24 31 37 
Stomach (Gastric) 53 52 52 61 
Colon and rectum 59 59 63 65 
Liver 52 54 58 57 
Lung 65 65 65 65 
Leukaemia 34 39 35 4 7 
Breast 56 58 62 65 
Cervix uteri ^ ^ ^ 63 
3 95% confidence limits were provided in the cancer data sources. The intervals were calculated 
based on normal approximation when the number ofdeaths (or new cases) was at least 25 and based 
on Bailar's table when the number was less than 25. 
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4.4.2.2 Socio-economic Status 
Table 4.4 shows a list of 18 socio-demographic variables chosen to 
characterize the socio-economic status of each community. Since the original 
variables were extracted from census reports where data were classified by TPU or 
TPU groups, they needed to be re-grouped and re-calculated. Some of them were 
expressed in absolute values and thus had to be transformed into percentages. 
Finally, the variables were reduced to four dimensions by factor analysis. Resultant 
factor scores were then used for correlation and regression analyses. Detailed 
discussion on factor analysis procedures was given in later sections. 
Table 4.4 Chosen socio-demographic variables for factor analysis 
Variables Descriptions 
1 9 7 9 - 1 9 8 3 j 1 9 8 4 - 1 9 8 8 j 1 9 8 9 - 1 9 9 3 | 
A_P0-14 j B_P0-14 1 C_PO-14 percentage ofpopulation 0-14 ； 
A_P15-39 1 B_P15-39 ! C_P15-39 percentageofpopulation15-39 '丨 
A_P40_54 i B_P40_54 j C_P40_54 percentage of population 40-54 
A_P55_ j B_P55_ i C_P55_ percentage of population 55 or above i 
A_POPDEN I B_POPDEN | C_POPDEN population density ofthe community (person/km2) 
A_ALONE 丨 B_ALONE 丨 C_ALONE percentage of household with only one person only 
A_MARRY 丨 B_MARRY 丨 C_MARRY percentage of person (age>15) being married 
A_INCOME i B_INCOME i C_INCOME median monthly household income (HK$) 
A_P_2ND i B_P_2ND j C_P_2ND percentage ofworking population in secondary sector 
A_P_3RD I B_P_3RD | C_P_3RD percentage ofworking population in tertiary sector 
A_P_MANA I B_P_MANA | C_P_MANA percentage ofworking population of managers, administrators, 
i i professionals and associated professionals 
A_PRI_ED I B_PRI_ED j C_PRI_ED percentage of population (age>15) with no schooling or primary 
j i education 
A_SEC_ED 丨 B_SEC_ED 丨 C_SEC_ED percentage of population (age>15) with secondary to matriculation 
1 i education 
A-TER_ED j B_TER_ED | C_TER_ED percentage of population (age>15) with tertiary education 
A_POOR_H j B_POOR_H j C_POOR_H percentage of population living in non selfcontained housing, simple 
I I stone structures, roof-top structure, and other temporary housing. 
A_OWNER I B_OWNER j C_OWNER percentage of household living in owner^ccupied living quarters 
A_P_WORK j B_P_WORK i C_P_WORK percentage of population that are economically active (working 
j i population) 
A_UNEMP 丨 B_UNEMP 丨 C_UNEMP percentageofworking population being unemployed 
Sources: HongKong 1981 Census Report, 1986 By-census Report and 1991 Census Report 
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4 .5 DATA PRE-PROCESSING AND MANIPULATION 
This section gives some discussions on the derivation of data for further 
analysis. Procedures of data extraction may or may not require GIS. Details on the 
derivation of socio-economic status, traffic index and ELF EMFs indicators are 
given in following sections. 
4,5,1 Socio-economic Variables 
Factor analysis was used to generalize the socio-demographic variables for 
each study period because the variables were inter-dependent and shared common 
factors. Some of them showed correlation either greater than 0.9 or less than -0.9 
(Table 4.5 - 4.7). They have also undergone Bartlett's test ofsphericity and rejected 
the null hypothesis of identity correlation matrix. Since they were correlated, the 
problem of multicollinearity would result from direct use of the variables in 
regression analysis. 
Therefore，factor analysis was used to transform the 18 variables to a few 
uncorrelated factors or dimensions. Factor rotation was performed to yield more 
interpretable factors. Each initial variable would load highly on one of the final 
factors. Oblique rotation method was employed because the new factors were 
believed to be correlated among themselves. For each ofthe three study periods, the 
4 An identity matrix is a correlation matrix in which all diagonal terms equal one and all off-diagonal 
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Table 4.7 Correlation matrix of socio-economic variables (period 3) 
-I _l _l l | g| §1 _| _| -I j^ sj 1 5| | | s | 2| S| i 
3 I I I ^, 3 ,^ ， 5 ^^1 导| s' 8 S E' d S ^ 
< , — , 乏， 0 C L C L Q _ , C L . Q _ D . 0 . C L Q _ Q . C L C / 3 h - 〕 
o' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' o ' 
C_ALONE 1.00 
C_INCOME““-0.23 1.00 
C_MARRY ^ ~ ^ 1.00 
C_OWNER 0.15 0.35 0.60 1.00 
C_P_2ND 0.02 -0.69 ^ . 0 8 -0.36 1.00 
C_P_3RD -0.06 0.75 0.11 0.34 ^.94 1.00 
C_P_MANA -0.09 0.88 0.33 0.58 -0.73 0.82 1.00 
C _ P _ W O R K 0.15 0 . 2 1 ^ ^ 0.01 -0.09 0.34 0.28 1.00 
C_P0_14 ^.30 -0.05 0.63 0.16 0.21 -0.30 -0.19 -0.46 1.00 
C_P15_39 棚-0.27 "0.01 "0.11 0.24 .^22 .^30 0.05 0.14 1.00 
C_P40_54 0.13 0.64 0.14 0.30 -0.43 0.59 0.70 0.50 -0.43 -0.40 1.00 
C-P55_ 0.31 ^0.23 -0.68 -0.29 -0.04 0.00 -0.13 0.04 -0.72 -0.47 -0.06 1.00 
C_POOR_H 0.01 _0.24 •O.OS -0.11 0.18 -0.44 ^.41 -0.58 0.37 0.08 -0.55 -0.01 1.00 
C _ P O P D E N 0.08 -0.22 -0.22 •O.OI 0.12 -0.02 -0.08 0.30 -0.49 ^0.07 0.10 0.43 -0.40 1.00 
C_PRI_ED 0.14 0^.83 0^.44 -0.53 0.63 •0.76 -0.91 0^.46 0.14 0.15 -0.77 0.31 0.47 0.04 1.00 
C_SEC_ED -0.15 -0.28 0.31 0.20 0.25 -0.11 -0.09 0.37 0.05 0.34 0.09 ^32 -0.29 0.25 >0.23 1.00 
C-TER_ED _0.08 0.95 0.30 0.45 -0.74 0.82 0.95 0.30 -0.17 -0.29 0.73 0^.18 ^35 0^.15 ^.91 ^21 1.00 
C _ U N E M P O.O7| -O.i7| -O.O9| 0.01 0.03 -0.27 -0.24 ^.84 0.12 -0.16 -0.24 0.16 0.49 - 0 . 1 2 l g -0.33 ^0.21 1.00 
18 variables were transformed into 4 factors. Total variances explained by the 
factors were 80.7%, 80.6% and 77.5% for the three successive periods respectively 
(Table 4.8). Factor loadings of the initial variables are summarized in factor pattem 
matrices in Tables 4.9 to 4.11. Labels were properly given to the factors according 
to the characteristics of variables describing them (Table 4.12). 
Table 4.8 Summary statistics of 4 factors 
Period 1 (1979-1983) Period 2 (1984-1988) Period 3 (1989-1993^~ 
Factor Eigen- | Pctof j CumPct Bgen- j Pctof j CumPct Bgen- j Pctof j CumPct 
value j Var j ofVar value j Var j o f V a r value j Var | ofVar 
1 7.331 40.7 40.7 7.134 39.6 39.6 6.638 36.9 36.9 
2 3.732 20.7 61.5 3.784 21.0 60.7 3.229 17.9 54.8 
3 2.199 12.2 73.7 2.151 12.0 72.6 2.659 14.8 69.6 
4 1.260 7.0 80.7 1.445 8.0 80.6 1.422 7.9 77.5 
Note: Pct ofVar = percentage ofvariance explained 
Cum Pct ofVar = cumulative percentage ofvariance explained 
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Table 4.9 Summary of initial variables and their factor loadings (period 1) 
Factor 1 Factor 2 Factor 3 Factor 4 
A _ P _ 3 R D 0.92376 0.06955 -0 .00664 0 .04875 
A _ I N C O M E 0.89273 -0 .06888 -0 .13717 0 .12063 
A _ T E R _ E D 0.88048 -0 .03594 -0 .00348 0 .22519 
A _ P _ 2 N D -0.87448 0 .16874 -0.11791 -0 .13294 
A _ U N E M P -0.81737 -0 .09056 0.14045 -0 .16083 
A _ P R I _ E D -0.81336 -0 .38330 0.09564 -0 .22076 
A _ P _ M A N A 0.77233 -0 .17508 0.06430 -0 .12242 
A _ P 4 0 _ 5 4 0.76267 0 .24984 0.13688 -0 .26189 
A _ P 1 5 _ 3 9 -0.46026 0.77658 -0 .03570 -0.03981 
A _ S E C _ E D 0.39078 0 .77277 -0.17665 0.12420 
A _ P _ W O R K -0.04785 0.69041 0.50430 -0 .13147 
A _ P O O R _ H -0.46955 -0.61138 0.05441 -0 .04562 
A _ P O P D E N -0.06861 0.59675 0.12514 -0 .36269 
A _ A L O N E -0.23493 0 .08944 0.94045 0.27949 
A _ P 5 5 _ 0.45178 -0 .30113 0.72422 -0 .27112 
A _ P 0 _ 1 4 -0.36789 -0 .47123 -0.54462 0.34783 
A _ M A R R Y 0.22055 0.15619 -0.08725 0.87131 
A _ O W N E R 0.11799 -0 .20444 0.29811 0.75505 
Table 4.10 Summary of initial variables and their factor loadings (period 2) 
Factor 1 Factor 2 Factor 3 Factor 4 " " 
B_ INCOME 0.97630 -0.19277 -0.11361 -0.10719 
B _ T E R _ E D 0.96968 -0.07797 -0.04277 0.05383 
B _ P _ M A N A 0.94770 -0.06896 0.00614 0.10488 
B _ P _ 3 R D 0.89974 0.03740 0.08738 -0.04817 
B_PRI_ED -0.86459 0.15875 -0.36822 -0.10324 
B _ P _ 2 N D -0.84420 -0.08806 0.15474 -0.05605 
B _ U N E M P -0.68738 -0.06513 -0.05251 -0.48276 
B_P40_54 0.62674 0.24407 0.33305 -0.14983 
B_P15_39 -0.54219 -0.26527 0.45973 -0.14614 
B_ALONE -0.22978 0.93245 -0.07370 0.37063 
B_P55_ 0.21824 0.72363 -0.24619 -0.38539 
B _ P _ W O R K 0.01795 0.59993 0.43300 -0.28018 
B_P0_14 -0.24264 -0.59307 -0.29235 0.50730 
B _ S E C _ E D -0.00731 -0.19999 0.91351 0.12369 
B _ P O O R _ H -0.37578 -0.15030 -0.62975 -0.13209 
B_POPDEN -0.17117 0.32985 0.54853 -0.28897 
B_MARRY 0.14847 -0.14485 0.16176 0.87693 
B _ O W N E R 0.09700 0.20973 -0.03726 0.82598 
89 
Table 4.11 Summary of initial variables and their factor loadings (period 3) 
Factor 1 Factor 2 Factor 3 Factor 4 
C _ T E R _ E D 0.96404 0 .09354 0 .03005 -0 .02818 
C _ I N C O M E 0.95203 0.05332 -0 .07240 -0 .17964 
C _ P _ M A N A 0.91618 0 .16529 0 .08574 0 .06329 
C _ P _ 3 R D 0.90145 -0 .10756 0 .13049 -0 .05256 
C _ P _ 2 N D -0.87169 0 .10226 0 .15093 0.00468 
C _ P R I _ E D -0 .80682 -0 .29299 -0 .31850 0.03772 
C _ P 4 0 _ 5 4 0.66006 0 .05007 0 .34918 0.25339 
C _ M A R R Y 0.12083 0 .92413 -0.00501 0.07037 
C _ P 5 5 _ -0.04958 -0 .71650 -0 .04045 0.50118 
C _ O W N E R 0.32191 0 .71037 -0 .02275 0.41511 
C _ P 0 _ 1 4 -0 .20942 0 .66549 -0 .40160 -0.34693 
C _ P _ W O R K 0.18939 -0 .12247 0 .86597 -0 .02633 
C _ U N E M P -0.13245 0.03143 -0 .77202 0.31561 
C _ P O O R _ H -0.27938 0.03318 -0.70503 -0.09468 
C _ S E C _ E D -0 .35443 0.46300 0 .66837 -0.02233 
C _ P O P D E N -0.22450 -0 .20618 0.51651 0.42151 
C _ A L O N E -0.16579 0.07070 0.00179 0.74189 
C _ P 1 5 _ 3 9 -0 .34953 0.10192 0.27036 -0.57137 
Table 4.12 Labels for the 4 factors in each study period 
Period 1 (1979-83) | Period 2 (1984-88) | Period 3 (1989-93) 
Fac to r1 0 high socioeconomic status 0 high socioeconomic status 0 high socio-economic status 
Fac to r2 & mid^ducated working class © aged single household 0 married homeowner 
Fac to r3 G aged single household Q mid*educated working class 0 mid^ducated working class 
Fac to r4 0 married homeowner 0 married home-owner G aged single household 
Note: 0 Nominal label used to retain comparability offactors among periods 
Factor scores matrix is an important output from factor analysis. The scores 
for each community measure the relationship between the community and the 
factors. By this means, when we examine the communities according to a factor, we 
are simultaneously comparing the communities in terms of several variables that 
highly scored on the factor. The factor scores derived for each factor and each period 
were mapped (Figures 4.1 to 4.12). They were used for forther statistical analyses. 
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Figure 4.1 Map of score of factor 1 in period 1 (Tigh socio-economic status) 
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Figure 4.2 Map of score of factor 2 in period 1 OVfid-educated working class) 
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Figure 4.3 Map of score of factor 3 in period 1 (Aged single household) 
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Figure 4.4 Map of score of factor 4 in period 1 (Married homeK>wner) 
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Figure 4.5 Map of score of factor 1 in period 2 (High socio-economic status) 
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Figure 4.6 Map of score of factor 2 in period 2 (Aged single household) 
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Figure 4.7 Map of score of factor 3 in period 2 (Md-educated working class) 
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Figure 4.8 Map of score of factor 4 in period 2 (^ Vfemed homeK>wier) 
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Figure 4.9 Map of score of factor 1 in period 3 (High socio-economic status) 
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Figure 4.10 Map of score of factor 2 in period 3 (Married home-owner) 
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Figure 4.11 Map of score of factor 3 in period 3 0Vfid-educated working class) 
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Figure 4.12 Map of score of factor 4 in period 3 (Aged single household) 
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4.5.1.1 Interpretation of Factor Scores 
The compositions of the 4 factors were stable throughout the three periods 
with differences only in the percentages of variances explained and the order of the 
factors (Tables 4.8 to 4.12). For all periods, factor 1 was well-defined and could be 
easily interpreted. This factor had high positive loadings from household income, 
proportions of population with tertiary education, employment in tertiary sector, and 
with managerial and professional occupation. It also had high negative loadings 
from proportions of population with elementary education and engaged in secondary 
sector. The first factors for all periods were thus describing high socio-economic 
status. 
The second factor for period 1 was interpreted as mid-educated working 
class. It loaded positively high on proportions of population with secondary 
education and economically active and positively moderate on population density, 
but loaded negatively on poor housing conditions. This factor ranked as the third 
one for period 2 and 3 as similar variables loaded high on it, although the values of 
corresponding loadings varied slightly. 
Factor 3 for period 1 loaded positively high on proportions ofhousehold with 
one person and population aged +55. The factor was thus interpreted as aged single 
household. This factor ranked as the second factor for period 2 and the fourth factor 
for period 3. 
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Factor 4 for period 1 loaded positively high on variables measuring 
proportions of person married, household living in self-owned quarter, and positively 
moderate on children. The factor was named as married home-owner. This factor 
ranked as the fourth factor for period 2 and the second factor for period 3. 
Communities in Mid-levels and South districts in Hong Kong Island and 
Kowloon Tong and Ho Man Tin in Kowloon are characterized by high socio-
economic status (Figures 4.1, 4.5 and 4.9), followed by communities in northern 
districts in Hong Kong Island and southern districts in Kowloon. In contrast，low 
socio-economic status was found in communities in the New Territories and in some 
old districts in Kowloon. In urban cores and Tsuen Wan, the proportions of mid-
educated working class are generally higher (Figures 4.2, 4.7 and 4.11). Population 
densities are also higher in these communities. Aged single households are found to 
be concentrated in the westem coast of Kowloon, such as Cheung Sha Wan, Sham 
Shui Po，Mong Kok and Yau Ma Tai, followed by communities in the northern coast 
of Hong Kong Island (Figures 4.3, 4.6 and 4.12). Factor scores on married home-
owners are found to be highest in the New Territories, Hung Hom, eastem Kowloon 
Tong, Quarry Bay and some scattered communities in Hong Kong Island (Figures 
4.4, 4.8and 4.10). 
In addition, the temporal stability of the distribution of each socio-economic 
factor among the three study periods was indicated by the high and significant 
positive correlations among factor scores in various periods (Table 4.13). Most of 
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the correlation coefficients were greater than 0.8 and some of them exceeded 0.9. 
Moreover, all of them were significant at 0.01 level. 
Table 4.13 Correlation coefficients of factor scores among three study periods 
Factors 
High socio- 1979-83 丨 1984-88 丨 1989-9^" 
economic status 1979-83 l .j900 | | 
]強^ !链:::::互]:吞3:!:;:互圾::[::::::::::: 
' ' 1 9 8 9 - 9 3 … … . � . . [ j " j 3 ; r " [ S . W � . 7 ] 5 " 3 … . 
Mid-educated“ 1979-83 丨 1984-88 丨 1989-9^" 
working class 1979-83 1. 000 | | 
]強0[:::::互;】1巧「了:万3?丨! 
^^^l^^^^^^^2j2^^22i2^jj2^2^ZZ3ZZZ^^^^ 
Aged single 1979-83 丨 1984-88 j 1989-"^ 
household 1979-83 1 : . 豐 」 I 
]強^0[::::[]!1^「丁:53『! 
1989-93……厂-；3.:"^ .^广"5.:.¥；^ "^巧".丁:"35"3…. 
Married home- 1979-83 丨 1984-88 | 1989-93 
owner 1979-83 .….1.000 j j 
. j i ^ E [ : : : Z ; ] i i 3 : ] ] i ] 
1989-93 1"..[； 3^到-.^ ?^斤.「-二..3.55…. 
Statistical significance, two-tailed: **p< 0.01 
4,5,2 Compromised Traffic Index 
The compromised traffic index of a community used as a proxy measure of 
air pollution was constructed from three factors: 
(a) average traffic flow measured in counting stations, 
(b) road surface area, and 
(c) total area of the community. 
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The derivation of the index was processed by GIS. The procedures are 
summarized in Figure 4.13. First，point-in-polygon overlay was used to allocate the 
traffic counting stations into relevant communities. The average AADT in each 
community was extracted from the GIS database and calculated using other 
softwares, including Microsoft Excel and SPSS. Second, the total area of each 
community was extracted directly from the database. Third, road surface area of 
each community was measured by approximation. It was because the available 
digital road networks maps showed symbolic road features rather than road centre 
lines. Thus, buffer zones of 30m were arbitrarily generated around the road features. 
Polygon-in-polygon overlay was performed to separate the buffer zones by 
communities. The road buffer area in each community was then used as a proxy of 
the actual road surface area. These three items of information were used to compute 
the compromised traffic index by the following equation: 
f i A 
T I N D E X , = ^ X AADT, ( 4 . 1 ) 
C_^ yl,-
where 
TINDEXi = traffic index of community i 
BAj = buffer area of road in community i 
CAi = total area of community i 
AADTi = average AADT in community i 
Figures 4.14 to 4.16 show the spatial patterns o f the compromised traffic 
indices in the three study periods. The distribution oftraffic load resembled the level 
ofurbanization of communities. Persistently high values were observed in the urban 
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Figure 4.13 Flow diagram showing the derivation of traffic index 
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Figure 4.14 Compromised traffic index in period 1 
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Figure 4.15 Compromised traffic index in period 2 
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Figure 4.16 Compromised traffic index in period 3 
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core and the values diminished towards the surrounding rural areas. It was because 
road densities as well as traffic flow were greater in urban area. 
Table 4.14 shows the temporal persistency of the community traffic index. 
Among the three study periods, the indices showed marked and significant positive 
correlations. Between the first and the second periods, the coefficients was 0.923 
and significant at 0.01 level. The other tvvo coefficients (between the second and the 
third periods; and between the first and the third periods) were at least 0.6 and also 
significant at 0.01 level. It meant that the spatial variations of community traffic 
loads vvere persistent over time. 
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Table 4.14 Correlation coefficients of environmental variables among three 
study periods 
Variables 
Traffic index 1979-83 | 1984-88 | 1989-93 
197^83 L:.99P J ! 
j??fh??II ::互 :�!�3::]]互[1 
' ' { 9 8 9 - 9 3 • … … t " " [ . g g " . . y g g r ] ] . 5 3 … -
Power lines 1979-83 | 1984-88 j 1989-93 
1979-83 I_._000___J j 
]^^i^^::::::]:;:^3::]]:^^�1 
''i989-'93…….�..o.:.jV�..[S;^:�.7.:..g5~5…. 
Power 1979-83 丨 1984-88 丨 1989-93 
substations 197^83 h.9.00_,\ j 
]^i^^::::::[E^ZJ:]]?�! 
""l989-'93.……广..；5了7^3^广..；3.:.¥；^17「旧；^:"3.5~5…. 
Statistical significance, two-tailed: **p< 0.01 
4,5,3 ELFEMFs 
Densities of high-voltage overhead power lines and major power 
transmission substations were expressed in terms of proportions of community area 
within 100m from the features. The distance arbitrarily chosen was a common 
distance used in other studies on the relationship between ELF EMFs and cancer. 
For simplicity, the effects from different voltages were assumed to be identical, 
therefore the buffer distance applied to all power lines and substations. 
The procedures of deriving the two information were similar (Figure 4.17). 
Both of them involve GIS operations: Buffering and Polygon-in-polygon Overlay. 
Buffer zones of 100m were first generated in separate coverages of power lines and 
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Figure 4.17 Flow diagram showing the derivation ofhigh-voltage overhead 
power lines and major power transmission substations densities 
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Notes: Words in bold letters refer to coverage names in period 1. For coverage in period 2 and 3，the characters "81" 
are replaced by "86" and "91" respectively. 
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substations, result in polygon coverages showing the buffers. The buffer zones were 
then separated by communities using polygon-in-polygon overlay. Finally，statistics 
were extracted and the densities were computed using Excel and SPSS. 
Figures 4.18 to 4.23 show the densities of power lines and substations in the 
three study periods. For power lines, high densities were observed in the 
southwestern New Territories, northeastern Kowloon and southern Hong Kong 
Island. The pattem persisted over time for Kowloon and Hong Kong Island. In the 
New Territories, there was a gradual increase in power lines density. For substation 
densities, the patterns were different from that of power lines. High values were 
observed in many communities in Kowloon as well as some in Tsuen Wan and Kwai 
Chung. There was a slight increase in Hong Kong Island and in the New Territories 
for the third period. 
The temporal persistency of the densities of power lines and substations 
among the three study periods was indicated in Table 4.14. The spatial variations of 
the densities were persistent over time as the correlation coefficients among various 
periods were highly and significantly positive. They were at least 0.8 and all were 
significant at 0.01 level. 
4.6 CONCLUSION 
Ecological study of cancer needs data from various sources. It is a unique 
feature of GIS to integrate them in a manageable database. This chapter has 
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� Figure 4.18 Density ofhigh voltage overhead power lines (period 1) 
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Figure 4.19 Density of major power transmission substations (period 1) 
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Figure 4.20 Density ofhigh voltage overhead power lines (period 2) 
Proportion of community within 100m of power lines (84-88) 
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Figure 4.21 Density of major power transmission substations (period 2) 
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Figure 4.22 Density ofhigh voltage overhead pow^r Hnes (jpenod 3) 
Proportion of community within 100m of power lines (89-93) 
8 ^ ¾ ; 
^^^m\ 
•參④ 
^、 6-S^ p . d ^ i A j 
-""ci 2 0 2 4 6 8 10 Kilometers ‘ / ^ ^ " ^ ^ 
c^\ V ^ 
Figure 4.23 Density of major pow^ transmission substations ^ >eriod 3) 
Proportion of community within 100m of power substations (89-93) 
rn0-0.QQ2 / ^ ' — ^ - . 、 9 _ ^ ^ 
I 10.002 - 0.008 ^ ^ . . ' - ^ ' rJ^>—.. . K \ , ‘ ' ^ 
M 0 .008 -0 .03 ^ W _ ^ ^ > ^ J 5 
• 0.03-0.064 尸 着 Y / , 〜 ^ ^ .7 
m 0 .064-0 .117 r ^ i L ^ _ _ ^ V N ^ ^ / ^ 
• N / A / ” 广 奢 ^ ^ ( # , 勢 、 ％ 
“ ^ z , C ^ - ^ - 0 ^ - / � A ^ 口 ' - f ^ 
广 S / V < 7 ' � " " . 广 i z， ^ 
J r ^ ^ / \ � \ ' " � , v 终「、7^ 
<： ^ U ^ " T ^ , 0^邻、 
1 i k Z j / / My-錢‘、 
.一"^^^1?^^^^腐替 
‘ z . , < y ^ ^ l ^ 、 》 、 》 ： 
丨 ， V r , c w^n � ^ “ 
一飞>" ' n � ， . , ^ ^ . . ^ ^ ^ ^ ¾ / � r ^ 
: , � c � � j : ^ ^ ^ . ^ ¾ ^ . . 
广/ 、 C' v n ^ ^ ^ A . i 广 \ -• 、J^  J 、 
' 峰 _? '^r V ^ 1 ) ) ry\ A y Z ' - 1 � “ fX % M > 1 -: 又 . z ' � 3 • 。 乂 € •^。从 u _ 、 广 0 � - � " ��Q" j ” / X \ ^ H ( 』 - 二-、-2 j ( m j- " • ) 2 0 2 4 6 8 10 Kilorreters 厂 , > ^ 3 ^C--- „ = 6 M = 5 ? - V " -
109 
discussed the procedure of constructing such a database. Issues ranging from data 
collection, input, editing and conversion, to variables derivation from the database 
have been scrutinized. Statistical analysis using the variables derived above and 
relevant results are given in the next chapter. 
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CHAPTER V 
RESULTS AND DISCUSSIONS 
5 . 1 INTRODUCTION 
This chapter consists of three major parts. In the first part, the spatial 
distributions of various cancers are analyzed with maps and spatial indices. In the 
second part, cancer data are analyzed with respect to issues concerning correlation 
among various cancers, temporal correlation of each cancer and correlation between 
cancer mortality and incidence. Finally, ecological studies using simple correlation 
and multivariate regression analyses are presented with brief discussions on 
etiological issues of specific cancers. 
5.2 G E O G R A P H I C A L A N A L Y S I S OF C A N C E R PATTERNS 
The following sections give a brief discussion on the geographical patterns of 
cancer rates. Cancer rates vary spatially due to a number of factors. By examining 
spatial patterns ofcancers, it is hoped that its relationship with the environmental and 
lifestyle factors which also vary over space could be revealed. Besides visual 
interpretation, objective assessments are given to describe the spatial patterns. 
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Two methods were used to measure spatial clustering of the community 
standardized rates of mortality and incidence. Both Moran's / and Geary's c indices 
were computed. Spatial clusters are indicated by positive values of I and values less 
than one for c (Table 5.1). The values of the two indices were shown on relevant 
cancer maps (at the bottom right of the maps). 
Table 5.1 Correspondence between Geary, Moran and conceptual scales of 
spatial autocorrelation 
Conceptual Gearyc Moran / 
Similar, regionalized, smooth, clustered 0 < c < 1 I> 0 * 
Independent, uncorrelated, random c = 1 / < 0 * 
Dissimilar, contrasting, checkboard c> 1 / < 0 * 
* The precise expectation is - l /(n-l) rather than 0. 
Source: Goodchild (1986:16) 
Significance levels for I and c were based on the resampling null hypothesis. 
One-tailed significance tests were adopted since the effects producing positive and 
negative autocorrelation were different (Goodchild 1986). The results were indicated 
along with the indices shown on the cancer maps. An index followed by an asterisk 
(*) indicated that it was significant at 0.05 level while a double asterisk (**) 
indicated significance at 0.01 level. 
5.2.1 Results 
Figures 5.1 to 5.70 show cancer maps on all data sets with their 
corresponding spatial indices. On the whole, no cancer showed strong and 
significant spatial clustering. Moreover, a few cancers showed weak but significant 
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clustering sporadically. In other words, they did not persist among mortality periods 
and/or between mortality and incidence data sets. A particular data set which 
showed clustering was said to be significant if both the / and c indices were 
statistically significant at 0.05 level. However, the magnitudes of the significant 
clustering were expressed solely by the values of I, because they matched our 
intuitive notions of strength and direction of correlation (Goodchild 1986). The 
following sections are going to discuss the spatial patterns of each cancer. 
5.2.1.1 Total Cancer 
Both male and female total cancer mortality rates did not show spatial 
clustering for all study periods. Both Moran's / and Geary's c indices were close to 
their expected values" It means that the overall patterns were random. In other 
words, some contiguous communities showed similar rates; however, other 
neighbouring communities showed different rates. 
Figures 5.1 to 5.3 show that, in general, the spatial pattem of rates for males 
was quite stable in Hong Kong Island over time while pattem in Kowloon and the 
New Territories was fluctuating. There was a general increase in rates in the New 
Territories. A possible explanation might be that the rising degree ofurbanization in 
these communities led to the adoption of urban lifestyles and increased industrial 
activities. Moreover, highest mortality rates occurred persistently in communities 
1 The expected values for the two indices refer to the values that are expected to be obtained under 
the null hypothesis of no spatial autocorrelation in the population from which samples used to 
calculate the indices are drawn. 
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such as Aherdeen/WongChukHang (HK20) and PokFuLamSouth (HK19) in Hong 
Kong Island, CheungShaWanSouth (KL15) and WongTaiSin (KL21) in Kowloon, 
and CheungChau O^fTlS). ChaiWan/ShekO (HK17) and ShauKeiWan (HK16) in the 
east of Hong Kong Island and LoFu (KL20) in Kowloon also had high rates for the 
first and the second periods. These communities were characterized by lower socio-
economic status, insufficient open space and crowded living environment. On the 
other hand, persistently low rates were found along an east-west belt in Hong Kong 
Island. The belt coincided with the high-socioeconomic status and low population 
density communities in PokFuLam (HK18), ThePeak/VictoriaPeak (HK7), The mid-
levels (HK8), ThePeak/MountGough (HK9), HappyValley (HK6) and South (HK21). 
Low rates were also observed in NorthPointEast (HK13) and QuarryBay (HK14) for 
all periods and in wealthier communities in Kowloon such as KowloonTongWest 
(KL17), KowloonTongEast (KL18), HoManTinNorth (KL6) and HoManTin (KL7) 
in either two periods. Therefore, total cancer tended to affect the poor in Hong 
Kong. 
For females, the spatial pattem of total cancer was not very consistent over 
time (Figures 5.4 to 5.6). Only CheungShaWanSouth (KL15) had high rates for all 
periods. Occasional hot spots included West (HK1), WanChai (HK5), Shatin (NT16) 
and CheungChau 0^T18) where high rates were detected for either two ofthe three 
periods. There was also a general increase in the New Territories which might also 
be due to urbanization. The Hong Kong Island belt of low rates was also observed. 
For the first and the second periods, rates were also low in contiguous communities 
in the northwestern New Territories. 
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Figure 5.1 Male total cancer mortaUty in Hong Kong, 1979-1983 
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Figure 5.2 Male total cancer mortaHty in Hong Kong, 1984-1988 
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Figure 5.3 Male total cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.4 Female total cancer mortaHty in Hong Kong, 1979-1983 
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Figure 5.5 Female total cancer mortality in Hong Kong, 1984-1988 
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Figure 5.6 Female total cancer mortality in Hong Kong, 1989-1993 
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5.2.1.2 Cancer of the Female Breast 
No spatial clustering was observed for female breast cancer mortalities in the 
first and the second periods. Mortality in the last period showed weak spatial 
autocorrelation which was significant only for Geary's c. However, significant 
spatial clustering was observed for incidence data with moderate Moran's / and 
Geary's c indices. 
High mortality rates were observed in communities dispersed over Hong 
Kong Island and Kowloon, affecting both the wealthy and poor (Figures 5.7 to 5.9). 
The mortality pattem was not stable over time partly due to small numbers of deaths 
because the survival rate of breast cancer was high (Chamberlain 1982a; Peach & 
Heller 1984; Springhouse Corporation 1995; Henderson et al 1996). No community 
had high rates for all periods. In the New Territories, rates were generally lower but 
increasing over time. 
Interpretation of the incidence rate was more reliable due to the greater 
number of observed cases (Figure 5.10). The high survival rates of this cancer also 
implied that incidence data was a better indicator of the response of the population 
towards carcinogenic agents. An east-west belt of high rates in Hong Kong Island 
consisted of The mid-levels (HK8), ThePeak/MountGough (HK9), WanChaiNorth 
(HK4), HappyValley (HK6), TaiHangEast (HK11), BoMaShan (HK12), 
NorthPointEast (HK13) and QuarryBaySouth (HK15). In Kowloon, rates were high 
in KowloonTongEast (KL18), SanPoKong (KL22), MongKok (KL3), HoManTin 
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Figure 5.7 Female breast cancer mortality in Hong Kong, 1979-1983 
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Figure 5.8 Female breast cancer mortaHty in Hong Kong, 1984-1988 
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Figure 5.9 Female hreast cancer mortaHty in Hong Kong, 1989-1993 
Rate per 100,000 person-years jMa ,i„ 
曰 二 <^-^^^^^'“ 
S" ^ r ^w^^ <^ 
" ^ ^ ^ 2 ^ ^ ¾ 
， ^ ® ^ t ^ " ^ ^ f e f i ^ ? 
• ^ ^ ¾ ½ ¾ 
. j i < ^ 、 、 ^ ^ . , 譯 ^  7 各 nL^ ^H U 
> > 界 ,•• (^ 
^ 2 I 0 2 4 6 8 10 Kilometers ^ ^ \ ^ ^ / 
Figure 5.10 Female hreast cancer incidence in Hong Kong, 1984-1988 
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(KL7) and HungHom (KL10). Most of the above communities were in the highest 
socio-economic status. The lifestyles of the wealthy people such as westem diet rich 
in fat might be related to the incidence of this cancer. In communities further away 
from the urban core, rates were obviously lower. 
5.2.1.3 Cancer of the Cervix Uteri (Cervical Cancer) 
There was a weak spatial clustering in mortality in the first period. However, 
due to the problem of small number of death cases, no apparent spatial pattem was 
detected and thus interpretation was difficult (Figures 5.11 to 5.13). There was a 
large divergence between incidence and mortality due to high survival rate 
(Chamberlain 1982b; Peach & Heller 1984; Springhouse Corporation 1995; 
Henderson et al 1996). 
For incidence data, a weak spatial clustering existed (Figure 5.14). Rates 
were high in communities along the north coast of Hong Kong Island, that was 
Central/SheungWan (HK3), WanChaiNorth (HK4) and WanChai (HK5). Rates were 
also high in the west coast of Kowloon Peninsular, in communities such as 
TsimShaTsui (KL1), Jordan (KL5), TaiKokTsui (KL2), MongKok (KL3), 
ShamShuiPo (KL16) and LaiChiKok (KL11). Most of these communities were 
characterized by high density mixed residential and commercial land uses. On the 
other hand, low rates were observed in communities dispersed over the territory. 
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Figure 5.11 Female cervical cancer nx)rtaHty in Hong Kong, 1979-1983 
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Figure 5.12 Female cenical cancer mortalit>' in Hong Kong, 1984-1988 
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Figure 5.13 Female cervical cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.14 Female cervical cancer incidence in Hong Kong, 1984-1988 
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5.2.1.4 Cancer of the Colon and Rectum (Colorectal Cancer) 
Male mortality data demonstrated a weak geographical clustering only for the 
first two periods, while significant clustering was found for females for mortality in 
the second period and no clustering pattem for incidence (Figures 5.15 to 5.22). 
Persistent high rates in male mortality data were only observed in 
KowloonTongWest (KL17). Communities having high mortality rates for either two 
periods included PokFuLamSouth (HK19), ThePeak/VictoriaPeak (HK7), 
BoMaShan (HK12), QuarryBaySouth (HK15) and ShauKeiWan (HK16) in Hong 
Kong Island and in HungHom (KL10), MaTauWai (KL8) and HoManTin (KL7) in 
Kowloon. These communities were residence for the upper and middle classes. The 
role of sedentary occupation as a risk factor might be implied. Lower rates were 
observed in the southern Hong Kong Island, the New Territories and scattered 
communities in Kowloon. Male incidence rates also showed similar pattem: rates 
were high in the eastem and northern Hong Kong Island, and in certain dispersed 
communities in Kowloon mentioned above. 
No consistent pattem was observed for female mortality over time. Sporadic 
high rates were found in communities such as West (HK1), PokFuLamSouth (HK19), 
BoMaShan (HK12), NorthPointEast (HK13), HoManTin (KL7), 
CheungShaWanSouth (KL15) and SanPoKong (KL22). For incidence, high rates 
were clustered in northeastern coast ofHong Kong Island. Scattered communities of 
high rates were also found in westem Hong Kong Island and southern Kowloon. On 
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Figure5.15 Male colorectal cancer mortaHty in Hong Kong, 1979-1983 
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Figure 5.16 Male colorectal cancer mortaUty in Hong Kong, 1984-1988 
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Figure5.17 Male colorectal cancer n*>rtaHty in Hong Kong, 1989-1993 
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Figure 5.18 Male colorectal cancer incidence in Hong Kong, 1984-1988 
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Figure 5.19 Female colorectal cancer mortaHty in Hong Kong, 1979-1983 
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Figure 5.20 Female colorectal cancer mortaHty in Hong Kong, 1984-1988 
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Figure 5.21 Female colorectal cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.22 Female colorectal cancer incidence in Hong Kong, 1984-1988 
Rate per 100,000 person-years � 
: r r i 1 4 . 8 4 - 23.97 一：^ ~"~~^ ^ ^ ^ ， 1^ 
1 23.97- 28.69 C^'Y' ^ - ^ | t i > ^ { 
_ 28.69-33.01 � " H m m L s ^ 
• 33.01 -38.06 广 Q L . j H ^ H ^ r , 
• : ： 暴 ^ ^ ^ ^ ! 
^m 
’ , 冗 。 ^^^r • . � Z � z ; ” � � <^? ^W^ ^ f c T J : 0.141* 
、 八 “ ^ . r?) -¾ , : : : 、 宽 
^ > ' ” 。 : ' ' 一 ^ ^ 、 . ‘ 丨 f T ) 
C:、， 2 0 2 4 6 8 10 K^CfT^ters T .,— V J ^ / 
^mF"^murn^^*^ I ••r™ “ ^C_^ 
128 
the other hand, a cluster of low incidence rates were observed in northwestern New 
Territories. In sum, the patterns for female were confusing and no conclusion could 
be drawn. 
5.2.1.5 Cancer of the Stomach (Gastric Cancer) 
There was no apparent spatial clustering observed for both sexes and for 
mortality and incidence data (Figures 5.23 to 5.30). In most periods, / and c were 
close to their expected values. Even sporadic weak clusters did not persist over time. 
It might be partly due to the problem of small number of observed cases. 
Occasional hot spots for male mortality were found in 
Aberdeen/WongChukHang (HK20), WanChai (HK5), TaiHangEast (HK11), 
BoMaShan (HK12), HungHom (KL10) and KowloonCity (KL23). High rates of 
incidence were widely dispersed over the territory. A belt of communities with low 
rates was observed in westem Kowloon only for mortality data ofthe first period and 
for incidence data. 
Female data also showed fluctuations among communities over time. No 
significant spatial pattem was observed. 
5.2.1.6 Leukaemia 
Leukaemia was not a common cancer type in Hong Kong in terms of both 
mortality and incidence. The problem of small numbers of cases again resulted in 
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Figure 5.23 Male gastric cancer mortaHty in Hong Kong, 1979-1983 
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Figure 5.24 Male gastric cancer mortality in Hong Kong, 1984-1988 
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Figure 5.25 Male gastric cancer mortality in Hong Kong, 1989-1993 
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Figure 5.26 Male gastric cancer incidence in Hong Kong, 1984-1988 
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Figure 5.27 Female gastric cancer mortality in Hong Kong, 1979-1983 
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Figure 5.28 Female gastric cancer mortality in Hong Kong, 1984-1988 
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Figure 5.29 Female gastric cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.30 Female gastric cancer incidence in Hong Kong, 1984-1988 
. Rate per 100,000 person-years __一 
f dD4.52-9.64 , J P ^ j C T， � 
卜 I 9^.64-12.19 i^tL^ U ^ ^ K ^ ^ O 
ESi2. i9- i4.49 rntBamss^. ^ ^ L ^ ^ 
• 14.49- 15.86 MKmm^^m^jK^H^ , 
" ' 3 - ^ ' ^ K ^ E L 
V i f ^ ^ ^ t ' 
. ^ ¾ _ 、 : : 丨 ： 
> > 务 m . ¾ ^ ^ ^ (^ 
^ 2 I 0 2 4 6 8 10 Kiiofreters ^ ^ \ ^ ^ 
1 _ _ ^ _ ^ ^ _ 
1 1 o l j j 
unstable geographic patterns of the mapped rates, not to mention small spatial 
variation ofthe rates. Only very weak clustering was observed for male mortality in 
the third period and for female mortality in the first period and for female incidence, 
in each ofwhich only one of the two indices showed spatial clustering (Figures 5.31 
to 5.38). Moreover, a considerable number of communities had less than four cases 
and were not statistically significant. 
Dispersed and inconsistent high and low rates were observed for mortality of 
both sexes over time. However, as the range of the rates were very small, 
interpretation of the maps was difficult. For male incidence, higher rates were 
noticed in discrete coastal communities in Hong Kong Island, and along a north-
south axis of communities in Kowloon. For female incidence, higher rates were 
observed in non-contiguous communities along the northern coast of Hong Kong 
Island. Nevertheless, the pattem was not obvious. 
5.2.1.7 Cancer of the Liver 
Spatial clustering was observed for male mortality only for the second period 
where both I and c were significant at 0.01 level. In the third period, only c showed 
significant clustering. No clustering was observed for incidence data (Figures 5.39 
to 5.42). Moreover, no spatial clustering was observed for female mortality and 
incidence (Figures 5.43 to 5.46). The rates for males were far greater than that for 
females, indicating that liver cancer was more common in males than females in 
Hong Kong. 
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Figure 5.31 Male leukaemia mortality in Hong Kong, 1979-1983 
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Figure 5.32 Male leukaemia mortality in Hong Kong, 1984-1988 
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Figure 5.33 MaleleukaemiamortaHtyinHongKong, 1989-1993 
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Figure 5.34 Male leukaemia incidence in Hong Kong, 1984-1988 
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Figure 5.35 Female leukaemia mortality in Hong Kong, 1979-1983 
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Figure 5.36 Female leukaemia mortality in Hong Kong, 1984-1988 
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Figure 5.37 Female leukaemia rmrtaHty in Hong Kong, 1989-1993 
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Figure 5.38 Female leukaemia incidence in Hong Kong, 1984-1988 
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Figure 5.39 Male liver cancer mortality in Hong Kong, 1979-1983 
Rate per 100,000 person-years 」一^_^_^^^^ 
C Z ] 9 . 3 6 - 2 0 . 2 7 _ , J > M ^ i r C 
• 2 0 . 2 7 - 2 3 . 4 僅 M ^ * ^ i | 
• 23.4 - 26.85 ^ ^ ^ H | j | ^ ^ ^ ^ K L ^ ^ ^ 
• 2 & 8 5 - 3 0 . 8 8 _ ^ ^ H ^ ^ ^ | ^ J | 9 H | M r , 
" " T ^ ^ F ^ f ^ k i _ . 
i ^ ^ 
^|^^^^m ^ ^44V m J^ • 
i H i m i ^ ^ ^ . i ， • 々 ^ - I= 
f F ^ 广 各 ^ ¾ ^ ) ¾ ¾ 
> > ^ ••• Ci^ 
^ 2 I 0 2 4 6 8 10 Kilometers ^ ^ \^^^J 
Figure 5.40 Male liver cancer mortality in Hong Kong, 1984-1988 
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Figure 5.41 Male Uver cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.42 Male liver cancer incidence in Hong Kong, 1984-1988 
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Figure 5.43 Female liver cancer mortality in Hong Kong, 1979-1983 
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Figure 5.44 Female liver cancer mortality in Hong Kong, 1984-1988 
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Figure 5.45 Female Uver cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.46 Female Uver cancer incidence in Hong Kong, 1984-1988 
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A general phenomenon of male liver cancer was that rates were higher in 
communities in the New Territories than in the urban core. High mortality rates 
persisted in TaiPo/ToloHarbour (NT15) and CheungChau (NT18). Incidence rates 
were also high in these two communities. Moreover, higher mortality and incidence 
rates were associated with communities in the northern New Territories sporadically 
as well as in Aberdeen/WongChukHang (HK20). These communities were rural and 
generally lower in socio-economic status. A study had found no significant 
relationship between alcohol consumption and liver cancer in Hong Kong (Lam et al 
1982). Thus, there might be other aspects of lifestyles (e.g. diet) or rural 
environment that were related to this cancer. On the other hand, rates were 
persistently low in the most affluent and contiguous communities in Hong Kong 
Island such as PokFuLam (HK18), ThePeak/VictoriaPeak (HK7), The mid-levels 
(HK8), ThePeak/MountGough (HK9) and South (HK21). 
Patterns offemale mortality and incidence were similar to that ofmales: rates 
were generally higher in the New Territories. However, due to the problem of small 
number of cases, no apparent and consistent pattem was observed for female data. 
Several affluent communities in urban area had less than four cases. 
5.2.1.8 Cancer of the Lung 
There were weak spatial clustering for male mortality in the third period and 
for male incidence. No apparent clustering was observed for female mortality and 
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incidence. In most time, the indices for both sexes were close to their expected 
values (Figures 5.47 to 5.54). 
For male mortality and incidence, high rates persisted in poorer communities 
such as ChaiWan/ShekO (HK17), ShauKeiWan (HK16), PokFuLamSouth (HK19), 
Aberdeen/WongChukHang (HK20), CheungShaWanSouth (KL15) and ShamShuiPo 
(KL16). In the New Territories, the pattem was fluctuating over time. Rates were 
sporadically high in TsingYi qS[T7), LauFauShan, TaiPo/ToloHarbour ^S[T15) and 
CheungChau (HK19). On the other hand, low rates persisted in an east-west belt of 
affluent communities in Hong Kong. Communities such as PokFuLam (HK18), The 
mid-levels (HK8), ThePeak/MountGough (HK9) and BoMaShan (HK12) 
experienced low rates for all time. Other communities which often had low rates 
included ThePeak/VictoriaPeak (HK7), HappyValley (HK6), South (HK21), 
LaiChiKok (KL11), HoManTin (KL7) and KowloonTongWest (KL17). Therefore, 
male lung cancer seemed to be more common for the poor. It might be due to the 
difference in lifestyles between people in the upper class and lower class, especially 
in smoking habits. 
No apparent pattem was observed for females. No community had high 
mortality rates for all periods. However, it was noticed that both mortality and 
incidence rates were persistently low in PokFuLam (HK18), The Peak/MountGough 
(HK9) and KowloonTongEast (KL18) as well as generally low in communities in the 
northwest New Territories. Smoking was not the major causal factor for female lung 
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Figure 5.59 Female nasopharyngeal cancer CNPC) mortality in Hong Kong, 1979-1983 
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Figure 5.48 Male lung cancer mortality in Hong Kong, 1984-1988 
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Rgure 5.49 Male lung cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.50 Mak lung cancer incidence in Hong Kong, 1984-1988 
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Figure 5.59 Female nasopharyngeal cancer CNPC) mortality in Hong Kong, 1979-1983 
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Figure 5.52 Female lung cancer mortality in Hong Kong, 1984-1988 
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Figure 5.53 Female lung cancer rmrtaHty in Hong Kong, 1989-1993 
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Figure 5.54 Female lung cancer incidence in Hong Kong, 1984-1988 
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cancer (Koo and Ho 1996). Therefore, the roles of passive smoking, ambient and 
indoor air pollution warranted further investigations. 
5.2.1.9 Cancer of the Nasopharynx (NPC) 
No apparent spatial clustering was observed for both sexes (Figure 5.55 to 
5.62). Although the c indices for both sexes were significant for mortality in the 
third period, the corresponding / indices were close to the expected value. 
Rates of male mortality and incidence were generally higher in the New 
Territories. However, only CheungChau QSFT18) had high rates for all periods. 
Other communities with sporadic high rates included Aberdeen/WongChukHang 
(HK20), KowloonCity (KL23), LauFauShan Q^T9) and SheungShui/ShaTauKok 
fNfT14). Low mortality rates were observed in many communities in Hong Kong 
Island. Pattem of incidence was similar to that of mortality. Rates were generally 
low in Hong Kong Island except in Aberdeen/WongChukHang (HK20), 
Central/SheungWan (HK3) and ChaiWan/ShekO (HK17). Higher rates were found 
in non-contiguous communities of the New Territories. Thus, male NPC seemed to 
be more common for people in lower socio-economic status and living in 
rural/traditional communities. 
Female rates showed inconsistent patterns. No community had high 
mortality rates for all periods. Occasional high mortality rates were observed in 
Jordan (KL5), SheungKwaiChung pvJT4), LauFauShan (NT9) and CheungChau 
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Figure 5.59 Female nasopharyngeal cancer CNPC) mortality in Hong Kong, 1979-1983 
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Figure 5.56 Male nasopharyngeal cancer (NPC) mortality in Hong Kong, 1984-1988 
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Figure 5.57 Male nasopharyngeal cancer ^4PQ mortaHty in Hong Kong, 1989-1993 
Rate per 100,000 person-years ^ ^ ^ ^ ^ • 
B - : S ^ ^ 1 1 ^ 1 ^ ¾ , ‘ 
• 10.84 1 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ K L ^ ^ [ ^ 
• 13 .03-15 .16 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ K K f m g r , 
" " ' I ^ i P ^ B F ^ * i ^ 
^ ^ ¾ ¾ ^ 
J i m : , ‘ " - ^ r n ^ " i . . 
i f l | H ^ ^ ^ � i ^ ^ C T t � � = 
' f r W ^ j , ^ ¾ ^ - ^ % 
> > 界 . ％ 。 C T ) 
# ^ ,予 I 0 2 4 6 8 10 Kilometers f^^ \ ^ ^ / 
Figure 5.58 Male nasophatyngeal cancer O^PQ incidence in Hong Kong, 1984-1988 
Rate per 100,000 person-years _ 
• 5.78-22.21 _ J B | | | | B ^ 碰 ： 、 ^ ， 1 
I 122.21 ^ M l | ^ ^ ^ H ^ ^ f l f l ^ * ^ ^ t 
w m 26.11 _ ^ ^ ^ ^ ^ ^ H ^ H E ^ ^ ^ 
• 28.93 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ m m ^ i p r , 
H s - - j y p i R ^ i 
^ ^ E ^ ^ ^ y d t t ^ 
J | w ^ 
i ^ | H ^ ^ ^ ^ ^ ^ ^ 5 ： . ¾ . ^ X = 
W^ 7 ^ . \^ ^ * ^-
> > 暴 一 , 广 r^ «jr , 2 0 2 4 6 8 10 KlometefS ^fft V^A/ 1 
151 
Figure 5.59 Female nasopharyngeal cancer CNPC) mortality in Hong Kong, 1979-1983 
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Figure 5.60 Female nasopharyngeal cancer (NPC) mortality in Hong Kong, 1984-1988 
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Figure 5.61 Female nasophatyngeal cancer ( W Q n*)rtaHty in Hong Kong, 1989-1993 
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Figure 5.62 Female nasophatyngeal cancer Q<^ PQ incidence in Hong Kong, 1984-1988 
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G^T18) in either two periods. Low mortality rates were observed in Hong Kong 
Island and the northern New Territories. Incidence rates were high in dispersed 
communities in northem Hong Kong Island and westem Kowloon, in 
Aberdeen/WongChukHang (HK20) and CheungChau QS[T18). Etiological factors 
might be partly similar to those for males; however, the observed geographical 
patterns were largely unexplained and inconclusive for females. 
5.2.1.10 Cancer of the Oesophagus 
Spatial clusters were observed for male mortality in the first and the third 
periods. On the other hand, female mortality in the third period showed weak 
negative spatial autocorrelation, but weak spatial clustering for incidence. The 
inconsistent results might be due to the problem of small numbers of cases (Figures 
5.63 to 5.70). 
For males, high mortality and incidence rates were observed in poor 
communities such as Aberdeen/WongChukHang (HK20) and ChaiWan/ShekO 
(HK17) in Hong Kong Island, and in WongTaiSin/DiamondHill (KL19), LokFu 
(KL20), lVongTaiSin (KL21) and KowloonCity (KL23) in northeastern Kowloon 
(Figures 5.63 to 5.66). In the New Territories, mortality rates vvere fluctuating over 
time while incidence rates were high in dispersed communities such as 
HaKwaiChung C^T2), KwaiChimg/KwaiShing O^T5), Shatin (NT16), 
KamTin/PatHeimg CNT11) and SheimgShui/ShaTauKok CNT14). Low rates were 
dispersed over the territory and no apparent pattem was observed. However, 
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Figure 5.63 Male oesophageal cancer mortality in Hong Kong, 1979-1983 
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Figure 5.64 Male oesophageal cancer mortality in Hong Kong, 1984-1988 
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Figure 5.65 Male oesophageal cancer mortaHty in Hong Kong, 1989-1993 
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Figure 5.66 Male oesophageal cancer incidence in Hong Kong, 1984-1988 
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Figure 5.59 Female nasopharyngeal cancer CNPC) mortality in Hong Kong, 1979-1983 
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Hgiire 5.68 F-emale oesophageal cancer monaliiy in Hong Kong. 1984-1988 
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Figure 5.69 Female oesoj^iageaI cancer mortaHty in Hong Kong. 1989-1993 
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Figiffv 5.70 I-cnnlc (x^ophagcal caix:cr incidcnce in Hong Kong, 1984-1988 
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mortality and incidence rates were generally low in affluent communities in Hong 
Kong Island and Kowloon which occasionally had less than four cases. Inferior diet 
associated with people in lower socio-economic status might be related to etiology. 
No apparent pattem was observed for female mortality and incidence. It was 
because the numbers of cases were small for many communities and the spatial 
variation ofthe rates was also very small. Thus, no conclusive geographical pattem 
could be found. 
In conclusion, among all the above cancer types, no one showed strong 
spatial clustering at the level of the whole territory. Even when significant clustering 
emerged sporadically, they were neither persistent over time nor consistent between 
mortality and incidence data sets. Moreover, only certain cancers showed 
meaningful geographical patterns. In general, communities in lower socio-economic 
status had higher rates in total cancer, liver cancer, lung cancer, and to a lesser 
degree nasopharyngeal cancer and male oesophageal cancer. On the other hand, 
rates of female breast cancer and male colorectal cancer were higher in more affluent 
communities. Among all of them, the socio-economic status might be surrogates for 
different underlying etiological factors for different cancers (Walter et al. 1994). In 
addition, partly due to the problem of small number, no conclusive pattem was 
observed for cervical cancer, gastric cancer, leukaemia and female colorectal and 
oesophageal cancers. 
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5.3 CORRELATION AMONG CANCER VARIABLES 
Before seeking associations between cancer and environment, several 
analyses were carried out to examine the cancer data itself. First, various cancer 
types were compared for each sex and data set to see if any similarity in their spatial 
distribution existed. Then, mortality data among the three study periods were 
compared to examine the temporal persistency of the spatial pattem of each cancer 
by sex. Finally, incidence data were compared with mortality data of the same 
period for each cancer by sex in order to assess the substitutability of mortality data 
for incidence data in representing cancer occurrence. 
5,3,1 Correlation among Cancer Types 
Correlations between the geographical distributions of specific cancers were 
examined for each sex and each period of mortality and incidence. Table# 5.2 
presents descriptive statistics on cancer rates (per 100,000) by sex and by data sets. 
The analysis yielded eight correlation matrices (Tables 5.3 to 5.10). Each matrix 
referred to one data set. There were three periods for mortality data and one period 
for incidence data, where males and females were examined separately, resulting in 
eight sets of data. A total of 64 out of 228 coefficients showed significance, and 
almost all of them were positive. Those which were negative did not persist over 
time. In general, males had more significant coefficients than females. 
# Note: Key to all tables in this chapter 
ALL Total cancer j GAS Gastric cancer ! NPC Nasopharyngeal cancer 
BRE Breast cancer j LEU Leukaemia | OES Oesophageal cancer 
CER Cervical cancer | LIV Liver cancer 
COL Colorectal cancer ！ LUN Lung cancer i 
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Table 5.2 Descriptive statistics on dependent variables (Cancer rates) 
Male Female 
i standard | j Standard j 
Cancer N# 丨 Mean 丨 Deviation | Min.丨 Max. N# |Mean 丨 Deviation 丨 Min. |Max. 
Mortality Data (First Period: 1979-1983) 
ALL 65 146.44 27.58 55.86 207.64 65 99.82 21.70 49.38 189,88 
BRE - - - - - 56 8.79 2.84 4.19 17.52 
CER - - - - - 48 6.13 2.11 1.86 11.61 
COL 59 11.70 4.37 4.92 24.36 59 11.55 3.36 4.07 20.29 
GAS 52 10.63 2.99 1.88 16.32 53 7.96 3.35 1.08 22.01 
LEU 43 3.94 1.36 1.97 7.73 34 3.47 1.19 1.48 5.85 
LIV 65 25.71 6.97 9.36 41.15 52 8.71 2.72 4.51 18.31 
LUN 65 43.23 11.72 12.57 77.82 65 23.86 7.57 7.99 43.91 
NPC 59 13.45 4.18 4.58 24.24 42 5.27 1.88 1.44 11.21 
OES 54 9.92 3.42 1.58 19.51 27 3.30 1.72 0.46 9.95 
Mortality Data (Second Period: 1984-1988) 
ALL 65 163.71 33.35 51.50 242.95 65 111.31 20.13 51.32 168.70 
BRE - - - - - 58 10.36 3.37 1.48 19.65 
CER - - - - - 42 5.33 1.57 1.22 9.04 
COL 62 14.87 4.66 3.94 26.19 59 13.91 3.60 7.08 24.96 
GAS 56 10.59 3.31 4.92 18.14 52 7.93 2.57 1.70 16.77 
LEU 41 4.62 1.80 2.33 10.50 39 3.73 1.48 1.53 7.77 
LIV 65 27.33 7.46 3.24 59.37 54 9.16 2.97 4.93 17.36 
LUN 65 50.42 12.46 7.04 78.34 65 29.20 7.22 6.93 46.23 
NPC 59 12.03 3.96 6.44 25.54 45 4.35 1.51 0.99 9.19 
OES 53 10.49 3.81 1.54 20.09 24 3.08 1.92 0.33 8.95 
Mortality Data (Third Period: 1989-1993) 
ALL 65 181.30 34.93 92.41 310.47 65 118.88 21.36 70.41 195.43 
BRE - - - - - 62 11.65 4.03 4.97 28.48 
CER - • - - - 46 5.20 1.78 1.91 10.44 
COL 65 17.37 4.60 7.26 32.36 63 15.28 4.11 3.74 30.39 
GAS 58 12.52 3.29 5.76 22.64 52 7.85 1.87 3.88 11.31 
LEU 41 3.91 1.25 1.75 6.80 35 3.60 1.89 1.68 11.68 
UV 65 29.76 7.78 9.84 51.97 58 9.71 3.63 3.18 21.49 
LUN 65 56.89 14.10 20.17 93.10 65 32.06 6.19 17.75 46.50 
NPC 56 12.32 3.99 6.01 25.42 40 4.64 2.78 1.98 17.13 
OES 56 10.74 4.57 1.87 27.40 31 2.85 1.62 0.51 9.23 
Incidence Data(1984-1988) 
BRE - - - - - 65 36.86 11.01 20.74 68.58 
CER - - - - - 63 18.13 4.87 8.24 30.25 
COL 65 35.48 9.04 18.44 62.25 65 31.31 7.94 14.84 54.27 
GAS 62 20.57 6.50 4.76 40.46 61 13.25 3.73 4.52 22.16 
LEU 51 8.61 3.24 4.24 22.62 47 6.85 2.41 3.04 13.84 
LIV 65 38.22 10.62 12.98 76.90 57 12.17 3.96 1.59 20.67 
LUN 65 71.31 15.62 32.36 99.38 65 39.78 7.94 18.43 56.33 
NPC 65 27.65 7.86 5.78 48.56 59 11.29 3.91 1.39 19.34 
OES 59 15.53 4.94 6.59 28.78 37 4.67 1.61 1.77 8.31 
# N represents the valid number of communities out of65 (see chapter 4 for selection criteria). 
see page 159 for key 
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Table 5.3 Correlation coefficients between ISRs (mortalities) of major 
cancers in males for 1979-1983 
j • • • • • 
COL I GAS i LEU 1 LIV 1 LUN 1 NPC 1 OES 
• j • • • » 
.coL L ^ j i j i i i 
• • _ • • ‘ • • • • • • • • • • • • • • • • • • • • • • • • » • • • • » » « • « • 
.5iM.„..j.:.:^:^LL.i:.?2?.J 1 [ i i 
: I j : : 1 
LEU_••:p:.143 丨 0,021 I 1.000 丨 丨 丨 I 
• • » * • i * - . . - . . . . . . . . . . . . - . . 
• » • • • , 
L|y.…：：^?•:i_^£:i…^?•:.；(£^?•.j•丄:.：?i竺l丄:•^?•?^Li i i 
j i i i • s 
LUN…,.二0:.1€£^ .0.2 7(9 i 0 . 1 5 7 i 0 . 6 3 7 * * \ 1 . 0 0 0 丨 1 ！ * 1 二 ！ l 
NPC.…二^?.:i^^二i二^?•:.^?z乙.L.^?.:.^?•泛.j..^?•:.：?：^二i…^?•:.?刀：i. ooo i 
； • I • i i 
O E S 0 . 1 3 1 i 0 . 4 4 8 * * \ - 0 . 0 7 0 ； 0 . 0 7 6 1 0 . 3 0 0 * \ 0 . 0 0 3 \ 1 . 0 0 0 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 see page 159for key 
Table 5.4 Correlation coefficients between ISRs (mortalities) ofmajor 
cancers in females for 1979-1983 
BRE I CER i COL 1 GAS | LEU | LIV I LUN ； NPC I OES 
BRE 1.000 1 I 1 ！ I I I i 
： t ？ t J f ； 
C E R 0 . 0 7 6 丨 1 . 0 0 0 i 丨 i 丨 丨 丨 i 
！‘ t f f i i i i COL 0.391**l 0.099 \ 1.000 i 1 ! ! j I 
I r ？ f \ I ； i 
GAS 0.103 i 0.134 j 0.166 \ 1.000 I 1 i 1 j 
I t J t» i 'i ； 1 
； . ： ： ： j j • 
LEU -0.145 i 0.093 1-0.038 ! 0.105 1 1.000 i i ； I 
： ： i 'r 'r ； i i 
1 • . ； J j t . 
L I V 0 . 0 6 1 \ 0 . 0 7 2 \ 0 . 2 3 0 \ 0 . 1 5 6 \ - 0 . 0 5 9 i 1 . 0 0 0 •= 1 I 1 * ； i- i :.^........| ； ； 
L U N 0 . 2 1 3 \ 0 . 0 6 3 \ 0 . 2 7 1 * \ 0 . 1 9 5 \ - 0 . 0 3 7 \ 0 . 0 0 8 ^ 1 0 0 0 ^ 1 ！ t ； ？ ••“……卜.二二^乂^-卜.：^.:.二^义-4 ； 
N P C - 0 . 0 6 1 I 0 . 3 4 7 * j 0 . 1 2 6 \ - 0 . 0 0 2 \ 0 . 0 2 6 \ 0 . 2 8 0 1 - 0 . 2 1 0 = 1 0 0 0 室 
i r j ^ 2...“-.ii:.f^2y.-i-..hf.:.±l;!i..i..."f::HKY...i _ 
• E S \ - 0 . 1 2 6 j 0 . 0 9 0 ] - 0 . 1 1 2 ！ 0 . 2 2 8 \ 0 . 2 6 2 \ 0 . 4 5 7 * j - 0 . 5 3 5 * j 0 . 3 9 5 * j 1 . 0 0 0 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159for key 
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Table 5.5 Correlation coefficients between ISRs (mortalities) of major 
cancers in males for 1984-1988 
COL i GAS i LEU 1 LIV 1 LUN | NPC I OES 
• j • • • • 
. 5 P i L . . . . i . : . ^ . J i i I I i 
• • • • > _ " • " . " " " • • " " • 
GAS ?^」£!.丄.丄:逆」 i i i i 
» 暴 « • - . . - ^ >>*>a*** . . . . . . . . . .^•• .•••• .•• .• .•• . . . .•••• .••• . . , .• . . . . . 
J • • • • ( 
LEU 1.孜”-0.271 I 1.000 I 1 1 1 
I ‘ '* ！ 1 *, 
Liy ...fL4«^ £..i.::fL^ ?.iS„j::2.d£&..L..i:.^ ?j^ !&.i.. 丨 i 
• » • _ ' • • • • " • • • • • • • • • • " • • • • • • • • • • • • • • . . • • . . . 
• • • t « « 
LUN …二^^^?；^1丄..?.:.£工.|丄_^:?^[丄丄:.5：^ .^丄卿丨 i » • 會 « • • 
» j » • > ( 
NPC ?^.:.^?:^?...|..£:丄€乏.丄.^ 2^£乏」巾^?.:1^^^.^ �^2口*1 1.000 i 
j * 1 ！ ！ 1 
O E S \-0.075 1 0.182 \-0. 092 \ 0.164 \ 0.558**l 0.342* j 1.000 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 see page 159for key 
Table 5.6 Correlation coefficients between ISRs (mortalities) ofmajor 
cancers in females for 1984-1988 
BRE i CER I COL | GAS 1 LEU | LIV 1 LUN | NPC j OES 
BRE 1.000 i i i i i i i i 
： t \ ^ ； ； 
• • ！ ； j j • • 
C E R - 0 . 0 3 4 \ 1 . 0 0 0 I j j j i I j 
！ t f {• [ I f \ 
C O L 0 . 3 5 9 * * \ - 0 . 1 1 5 丨 1 . 0 0 0 丨 丨 丨 丨 丨 i 
I r t ； ； i • < ； ； ； j • • 
G A S 0 . 2 8 4 * \ 0 . 1 3 5 \ - 0 . 0 1 8 \ 1 . 0 0 0 丨 丨 丨 丨 1 
！ t ？ J* ！ ； ； 
• • • i \ \ • • 
L E U 0 . 2 5 0 \ 0 . 0 8 6 \ 0 . 2 2 8 \ ~ 0 . 1 4 7 \ 1 . 0 0 0 ! i I I 
i t � «• i i • 
• • i j j • 1 . 
L I V 0 . 1 3 3 j 0 . 0 3 8 j 0 . 3 4 2 * \ - 0 . 0 4 4 \ 0.532**'： 1 . 0 0 0 1 1 ! 
！ r * f I ； j 
L U N 0.108 \-0.145 I 0.153 \-0.002 j 0.190 j 0.052 I 1.000 ^ 1 
I t ； |- ， i-.:t.:...........f j 
N P C 0 . 1 2 9 1 0 . 3 3 8 * ! 0 . 1 6 9 I 0 . 2 9 3 I 0 . 2 5 5 \ 0 . 2 1 1 i 0 . 2 3 3 I 1 0 0 0 差 i r 5 ^ :^二.-二上:.^^土:^..;.上:.±:；1：^..二上.仏5：!...; 1 • • 1 1 j j • 
O E S 0.625**l-0.119 j 0.474* j 0.181 \ 0.433* j 0.170 j 0.119 丨 0.011 丨 1.000 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159 for key 
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Table 5.7 Correlation coefficients between ISRs (mortalities) of major 
cancers in males for 1989-1993 
COL i GAS i LEU | LIV | LUN 1 NPC 1 OES 
• t 1 1 * • 
COL � � £ o � i 1 i i i 
.^？^……丄：-巡…匕丄“^？处.」 i [ 丨 i 
LEU_••:J^ .220 \ 0.165 j 1.000 \ i i I 
• • • • • • 
Uy L^^ ?;?.£..L.?.:.f££i.^ L:_^ £L.L.i:.?:^ f^LL.. i I 
LUN •…丄^?牲.丄丄:.：^.纪:1丄:.巡_|.丄:.；?:?牲.[卿I I 
• j • > • • NPC..... :^Lgg„.L.i?.:iifi..^?.:.jfi:L..^L:?i2i.^Li£^d..A. _ I 
J • I • • t 
O E S 0.251 i 0.587**l 0.373* \ 0.584**l 0. 646**\ 0. 415**l 1. 000 
^^ ^^ "^ ^^ *^^ ^^ ^^ "^ ^^ ^^ *"^ ^^ ^^ "^ ^^ ^^ ^^ *^""^ ^^ "^ ^^ ^^ ^^ "^^ ^^ "^ ^^ ^^ ^^ ^^ ^^ "^ ^^ ^^ "^*i*"^ "^^ ^^ "^*iB^ ^^ ^^ M^^ ^ 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 see page 159for key 
Table 5.8 Correlation coefficients between ISRs (mortalities) ofmajor 
cancers in females for 1989-1993 
BRE j CER I COL | GAS | LEU 1 LIV j LUN I NPC | OES 
BRE 1.000 \ I I 1 I I I i ： t ？ t ， 1 1 1 
CER 0.448**\ 1.000 i i 丨 i 丨 丨 i 
！ t ； i \ j f i 
COL 0.355**l 0.447**l 1.000 \ 1 I 1 j j 
！ t \ ； ； ； 1 • • ； ； ； j • > GAS -0.033 \ 0.177 \ 0.013 j 1.000 \ j 1 1 ! 
\ t ？ f» ； ； 
• • : J J J • • 
LEU 0.280 I 0.142 \ 0.348**l 0.069 \ 1.000 i ； I i i t f ^ j i • 
• > \ \ J • • • 
LIV 0 . 1 5 0 j 0.422**i 0 . 2 0 4 j 0 . 1 7 7 j 0 . 1 0 5 ： 1 . 0 0 0 ！ ： 1 
！ i \ ； ； • * » ！ ！ ； • . 
LUN 0.30 7**l 0.245 i 0.257*\-0.005 1 0.233 \ 0.026 \ 1.000 \ i 
j \ \ ；• J I \ 
NPC 0 . 2 9 6 \ 0.4SlH 0.255 i 0.272 ! 0 . 0 9 0 \ 0 . 2 4 5 I 0 . 0 2 1 1 1 . 0 0 0 \ 
: t r i .....;,...../.......r....-
• . ； ； ； ‘ • . 
OES \-0.091 \-0.105 \-0.007 j 0.531**l 0.069 \-0.139 j 0.010 \ 0.198 | 1.000 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159for key 
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Table 5.9 Correlation coefficients between ISRs (incidences) of major 
cancers in males for 1984-1988 
j • • • • t 
COL j GAS I LEU 1 LIV | LUN 1 NPC | OES 
• : • • • • 
COL…丄：登」 i i I I i 
GAS fLd£L.L�.:.f?_^ f^Li i [ i i 
： ： I I ： I LEU l:$y**i_0,095 丨 1.000 \ \ i j 
I 1 1 r r ： 
uy fL(?^J-�.:J:^cL(L^^@..j�:�[ 丨 i 
• • * • I I 
LUN_•二^ 4^£乏.丄..[?.:.^ £^:|二^ .^:2；^_乏^_义:.乏《泛**| 1.000 丨 i 
NPC..... :t:.f?:^ A.j.„£:.f?.!Lj:L.y.A.j..£:.f.K€:L 0 • 4 75*i 1. 000 i 
； • • • < • . " " " " • • • • 
j • • t • • 
O E S \-0.200 \ 0.233 \-0.118 j 0.331* \ 0.560**\ 0.255 \ 1.000 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 see page 159for key 
Table 5.10 Correlation coefficients between ISRs (incidences) of major 
cancers in females for 1984-1988 
BRE I CER i COL I GAS i LEU | LIV | LUN | NPC I OES 
BRE 1.000丨 i 丨 丨 i 丨 ； 
： t ？ !• 1 1 ； 
CER 0.077 i 1.000 丨 丨 i 丨 丨 丨 i 
! t ； |- V i j. i COL 0.137 \ 0.120 j 1.000 j i I ! j j 
！ t ？ ； 内 A fS ： ： ： ： ： 
G A S 0 . 1 0 5 \ 0 . 0 2 9 j 0 . 2 8 0 * \ 1 . 0 0 0 j i 1 ! ：： ! t f ；• i- f j. i 
LEU 0.179 \-0.095 \ 0.315* \ 0.311* \ 1.000 I ； 1 ! 
I r ； 备 } ； • 
• • : J J • • . 
LIV -0.078 \-0.046 \ 0.2lT \ 0.290* \ 0.284 i' 1.000 ！ 1 i 
I t ？ ； ； I • • ； j j • • . .LUN - 0 . 0 4 3 \ - 0 . 0 5 6 I 0.259*丨 0 . 0 3 8 1 - 0 . 0 6 6 丨 0 . 1 3 2 i 1 . 0 0 0 1 i t \ ， f .....f \ 
NPC -0.132 j 0.3ir \ 0.046 1 0.020 \-0.026 I 0.256 I 0.253 \ 1.000 \ 
: T ! r f :^^...;...^.:.f i :^r!..4--"-"^".-. j 
OES 1-0.033 l-0.379*l 0.226 丨 0.015 I 0.119 丨 0.150 \-0.059 1-0.114 丨 1.000 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159for key 
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Although not all coefficients would be described, various highlights are given 
here for those which showed consistency and persistence among data sets. For 
males, the distributions of lung cancer, liver cancer and nasopharyngeal cancer 
Ps[PC) were moderately and positively correlated, especially for mortality in the 
second and third periods and for incidence (r = 0.4 to 0.6, p < 0.01). Among these 
three cancers, in the first period of mortality, lung cancer and liver cancer still 
showed significant positive correlation (r = 0.637, p < 0.01) while the associations 
between lung cancer and NPC (r = 0.223, p > 0.05) and between liver and NPC (r = 
0.259, p < 0.05) were weaker but positive. Moreover, lung cancer and oesophageal 
cancer were also moderately and positively correlated for all data sets (in the first 
period of mortality: r = 0.3，p < 0.05; in other data sets: r = 0.5 to 0.6，p < 0.01). 
Besides the persistent and significant associations among these three cancers, some 
other cancers also showed associations, which persisted in the directions of 
associations in all data sets among which only some could reach statistical 
significance. Three cancers showed moderately positive associations with gastric 
cancer. They were lung cancer of the second and third periods of mortality (r = 
0.277, p < 0.05; and 0.562, p < 0.01 respectively) and for incidence (r = 0.416，p < 
0.01) ,liver cancer in the third period of mortality (r = 0.424, p < 0.01) and in the 
incidence data (r = 0.452, p < 0.01), and oesophageal cancer for the first and third 
periods of mortality (r = 0.448, p < 0.01; and r = 0.587, p < 0.01 respectively). Other 
two cancers also showed moderate associations with oesophageal cancer. They were 
NPC for the second and third periods of mortality (r = 0.342, p < 0.05; and r = 0.415, 
P < 0.01 respectively); and liver cancer for the third period ofmortality (r = 0.584, p 
< 0.01) and for incidence (r = 0.331，p < 0.05). Furthermore, colorectal cancer and 
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leukaemia were positively correlated for the second period of mortality (r 二 0.383, p 
< 0.05) and for incidence (r = 0.528, p < 0.01). However, in other data sets, they 
showed slightly negative (but insignificant) correlations. 
For females, the distributions of cervical cancer and NPC showed moderate 
and positive associations for all data sets (in mortality of the third period: r = 0.481， 
p < 0.01; in other data sets: r > 0.3, p < 0.05). In addition, there were four cancers 
which showed consistent positive correlations with colorectal cancer for certain data 
sets. Breast cancer were significantly and positively correlated with colorectal 
cancer for all mortality data sets (r > 0.3, p < 0.01), and showed a weak association 
for incidence data in the same direction. Lung cancer showed slight but significant 
positive correlations with colorectal cancer for all data set (r > 0.2, p < 0.05) except 
mortality in the second period (where r was small but still positive). The other two 
cancers which correlated positively with colorectal cancer were liver cancer for the 
second period of mortality (r = 0.342, p < 0.05) and for incidence (r = 0.277, p < 
0.05), and leukaemia for the third period of mortality (r = 0.348, p < 0.01) and for 
incidence (r = 0.315，p < 0.05). 
In sum, all the significant coefficients were not very high. Even for highly 
correlated pairs (r > 0.6), their strengths of associations did not persist over time or 
between mortality and incidence data. The only exception might be that for male 
lung and liver cancers for which the coefficients ranged from 0.53 to 0.65 and 
significant at 0.01 level for all four data sets. This meant that, to a certain degree, 
thcy might have some common causal factors. The role ofvimses associated in poor 
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hygienic environment in their etiologies was suspected (Lloyd et al. 1995). On the 
other hand, cautions had to be made in interpreting other not highly and consistently 
correlated cancers. 
5.3.2 Temporal Correlation among Cancers 
To examine the temporal persistence of spatial distributions of various 
cancers, correlations among community mortality rates of the three study periods for 
each cancer site and sex were calculated (Table 5.11). 
The pattem of total cancer of each sex was persistent over time (r = 0.35 to 
0.65, p < 0.01). For specific cancers, in males, three out of seven cancers showed 
persistence over time. They included liver cancer (r = 0.32 to 0.56, p < 0.01)，lung 
cancer (r = 0.52 to 0.66, p < 0.01) and to a lesser degree oesophageal cancers (r = 
0.34 to 0.52, p < 0.01; between the first and the third periods: r = 0.24, p > 0.05). In 
addition, for colorectal cancer, a significant positive association was found only 
between the first and the third periods. For nasopharyngeal cancer, moderate and 
significant associations were found only between the second and the third periods 
and between the first and the third periods. 
For females, lung cancer showed persistence over time with significant 
correlation among all periods (r = 0.32 to 0.51, p < 0.01). On the other hand, four 
cancers showed significant positive correlations between the second and the third 
periods, namely breast cancer (r = 0.333，p < 0.01), leukaemia (r = 0.528, p < 0.01), 
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Table 5.11 Correlation coefficients ofISRs of cancer mortalities among three 
study periods for males and females 
Male Female 
A L L 1 9 7 9 - 8 3 j 1 9 8 4 - 8 8 | 1 9 8 9 - 9 3 ~ 1 9 7 9 - 8 3 j 1 9 8 4 - 8 8 | 1 9 8 9 - 9 3 ~ 
1979"83 1.000 \ i 1979-83 1.000 i ! . . . . . . . . . . . . . . * . . . . . . ••••••».•••»•»>•«_»_••••••••••••••• • • • 
"im^i 5]5可.7:.巧�1 198¾' [K5"7:.S37'1 
19¾"¾' o744 7^ r"oy65?*j'"TVoi3o 1989-93 iT$b:;ri.^w.T:.3w 
• * • • » • 
B R E 1979-83 i 1984~88 j 1989-93 1 9 7 9 ^ 3 j 1 9 8 4 ^ 8 j 1989-93 
1 9 7 9 - 8 3 - I i 1 9 7 9 - 8 3 1 . 0 0 0 \ i 
•••••••^•._ •••.•»«_•••  •鲁.》_.»> . * • • 
i9m8 - I - 丨 ii-沿. 3:i"i;TTi]3F.1 
1989-¾" ."•••--……了……“-……“i - ^989-93 『五「丁-1^ ^厂7:5；3.5山. 
• t * • « • 
C E R 1979-83 丨 1984~88 丨 1989-93 1 9 7 9 ^ 3 j 1984-88 j 1 9 8 9 ^ ^ 
1 9 7 9 - 8 3 二 j I 1 9 7 9 - 8 3 1 . 0 0 0 | j 
1984-88 二….….丄…….‘-……“i ^ 9 8 4 - 8 8…“-二厂巧了“了…^:' ^…; 
"1989-93 二……“t".• 二……“: - "'1989-93 3.:.57rTl.5^mr.T.5i3T" 
COL 1979-83 j 1984~88 ！ 1989-93 1979^ 3 i 1984-88 j 1989^ 7" 
1979-83 1.000 I 1 1979^ 3 1.000 j | 
19M-88 0.丑厂.�7:..(3.冗"] 9^8¾" [5'G"T...i]3F] 
1989-93 ."[。对二[冗山�7?^一. 'Tm93 厂^五…了…工？？厂丁‘了'^?…-
G A S 1979-83 j 1984-88 j 1 9 8 9 - 9 3 ~ 1 9 7 9 ^ 3 j 1 9 8 4 ^ 8 j 1 9 8 9 - 9 3 ~ 
1979^ 3 1.000 I i 1979-83 1.000 j | 
i9m8 5]》?丁7:73�.: igms 5.:73.T]]3T.; 
1989-93 I.dWT."n:frTT:.3Sr.. 'm9-93…….:5':?77丁.1?^「7:5?「.. 
L E U 1979-83 i 1984-88 j 1 9 8 9 - 9 3 ~ 1979-83 j 1984~88 j 1 9 8 9 - 9 3 ~ 
1979-83 1.000 \ j 1979"83 1.000 j j 
J??l^ ?.I!^  I?IEKjni?lLl 1984^ 8 5]^?.丁]:.;丨5 
1989-93 d.ilirT.I.i�WT:.3W.. 'm9-93 [5"^ 『.厂？:.^ 可.7?.5巧一. 
L I V 1 9 7 9 - 8 3 j 1 9 8 4 - 8 8 j 1 9 8 9 - 9 3 1 9 7 9 ~ 8 3 j 1 9 8 4 ~ 8 8 j 1 9 8 9 - 9 3 “ 
1979-83 I.OOO_j___ j 1 9 7 9 ^ 3 1.000 j | 
i9M 8^ . I 7 i . W l ] f ; T9m8…….:.5':TG..T.i]-W; 
19¾'-¾' 153“{..15石.;丁7:."^ &—. 'T989-9"3……-[3n...[.S:.HFr.7:.53T.. 
L U N 1979~83 I 1984-88 丨 1989-93 1 9 7 9 ^ 3 j 1 9 8 4 ^ 8 j 1989-93 
.1979-83 1 . 0 0 0 _ j j 1979-83 1.000 j j 
.i984l8 °.:Jl^^'J-^?EX 198^ 88 [ . 3 3 4 ] ] W l 
1989-93 5.GS"r.IgFr-Y:"(i^&h. 'l989-93 “^!“!…[；！：厂‘!]。.;…. 
N P C 1979-83 i 1984~88 j 1989-93 1979-83 ! 1984-88 丨 1989-93 
1 9 7 9 - 8 3…… . 1 : . 0 0 0 i 1 1979-83 1.000 \ | 
.1984^ 8 [至：工：工：顿…; 1984^ 8 5]冗..卞"7】11 
1989-93 '6. 437^rTl25^ri"000 1989-93 “ ^ … ! … [ 巧 ？ ？ 广 ？ ] 。 … . 
•• I ' • I * ； 
O E S 1979~83 j 1984~88 j 1989-93 1 9 7 9 ^ 3 丨 1984-88 j 1989-93 
. 1 9 7 9 ^ 3 … … J - _ O O O j j 197943 1.000 j j 
JI—M ^.吞3了]『; 1984¾" [ ; 3〒？]W i 
1989-93 |""5_:"^ j^ Tl-I';^ j^ 7;;_[-7:"537- " im^ r . ^ r T . T W T . 7 ] 3 . r " 
Sta t i s t i ca l s i g n i f i c a n c e , t w o - t a i l e d : * p < 0 . 0 5 ; ** p < 0 . 0 1 seepage 159 for key 
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liver cancer (r = 0.321, p < 0.05) and nasopharyngeal cancer (r = 0.528, p < 0.01). 
Except liver cancer, three of them showed positive but not significant associations 
among other periods. Moreover, oesophageal cancer showed significant positive 
associations between the first and the second periods (r = 0.660, p < 0.01) and 
between the first and the third period (r = 0.503, p < 0.05). The association between 
the second and the third periods was positive but not significant. 
Temporal persistency of community cancer rates was observed for total 
cancer, lung cancer, male liver cancer and male esophageal cancer, and to a lesser 
degree for male NPC and female oesophageal cancer. For other cancers which did 
not persist over time，their unstable spatial patterns might be due to actual changes in 
cancer occurrence over time or population migration or just due to random 
fluctuations resulted from the problem of small numbers. 
5.i.i Correlation between Cancer Mortality and Incidence 
To examine the degree to which mortality data are good surrogates for 
incidence data, these two types of data for the same period were compared. To 
search for cancer causal factors, it is most preferable to use incidence data which 
represent the actual responses of human population to environmental carcinogenic 
agents. However, as in most countries, the usually available data are mortality. 
Incidence and mortality are linked by specific survival rates which are not the same 
for different cancers. 
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All of the correlations between mortality and incidence were positive (Table 
5.12). In general, the values of correlation coefficients were higher for male cancers. 
In particular, five out of seven male cancer had coefficients greater than 0.6，namely 
leukaemia (r = 0.810), lung cancer (r= 0.798), liver cancer (r = 0.746), oesophageal 
cancer (r = 0.682) and gastric cancer (r = 0.655). For females, only gastric cancer 
had a coefficient of 0.618. However, six out of the other eight cancers had 
coefficients greater than 0.5. They included nasopharyngeal cancer (r = 0.590), 
colorectal cancer (r = 0.582), lung cancer (r = 0.562), leukaemia (r = 0.537), liver 
cancer (r = 0.536) and oesophageal cancer (r = 0.508, p < 0.05). 
Table 5.12 Correlation coefficients between SIRs of mortality and incidence 
of major cancers (1984-1988) 
1 ^ Female 
B R E - o.48l** 
CER - 0.285 
COL 0.458** 0.582** 
GAS 0. 655** 0.618** 
LEU 0.810** 0.537** 
LIV 0.746** 0.536^* 
LUN 0.198** 0.562^* 
NPC 0.408** 0.590** 
OES 0. 682** 0.508* 
^^^^^^^^^^^^^^^^"^^^"^^^"•^^^™^^^"^^^^""^^^^""^^^™^^^^^^^^™"™H^^™™«^*B» 
Stat is t ical s i g n i f i c a n c e , two- t a i l ed : * p < 0 .05 ; ** p < 0 .01 see page 159 for key 
In sum, most cancers except cervical cancer showed significant correlations 
between mortality and incidence. It meant that mortality data for these cancer were, 
to a certain degree, reasonable surrogates for actual incidence data. Although it must 
be stressed that the survival rate of each specific cancer depends on the age of the 
patient and the stage of the disease at diagnosis, there are significant differences in 
overall survival rates among various cancers. Certain cancers are rapidly fatal, such 
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as liver cancer for which the median length of survival is six months after diagnosis 
(Springhouse Corporation 1995; London & McGlynn 1996). Other cancers which 
have relatively low 5-year survival rates were lung cancer with less than 10% 
patients surviving 5 years after diagnosis (Kazantzis 1982; Peach & Heller 1984; 
Coleman et al 1993), gastric cancer with less than 20% (Coleman et al. 1993; 
Nomura 1996) and esophageal cancer with less than 10% (Peach & Heller 1984; 
Coleman et al 1993; Springhouse Corporation 1995). Hence, for the above four 
cancer, data on mortality and incidence could almost be equated. Cancers with 
intermediate 5-year survival rates are NPC with 45% for Hong Kong people (Yu & 
Henderson 1996)，colorectal cancer with 20-50% (Gazzard & Lance 1982; 
Schottenfeld & Winawer 1996), and leukaemia with 20-40% mainly dependent on 
the age of the patient and histology (Berry 1982; Linet & Cartwright 1996). Lastly, 
cancers with high 5-year survival rates, especially with early detection and proper 
cure, are female breast cancer with 50-80% (Chamberlain 1982; Springhouse 
Corporation 1995; Henderson et al 1996), and cervical cancer with 50-90% (Peach 
& Heller 1984; Springhouse Corporation 1995; Schiffman et al. 1996). When any 
specific cancers with high survival rates are to be studied, it may be preferable to use 
incidence data directly, if available, to measure the magnitude of the cancer 
occurrence as responses to the effects of carcinogenic agents in any particular place. 
5.4 CORRELATION BETWEEN CANCER AND ENVIRONMENTAL VARIABLES 
To measure the nature and degree of relationship between the distributions of 
cancer and possible explanatory variables, Pearson correlation coefficients were 
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used. Mortality and incidence rates of each cancer type for each sex and time period 
(mortality) were studied with four socio-economic factors and three environmental 
variables of the same time period. Descriptions of the explanatory variables have 
been given in pervious chapters and thus are not repeated here. Table 5.13 presents 
descriptive statistics of the explanatory variables in various study periods. 
Table 5.13 Descriptive statistics on independent variables used in correlation 
and regression analyses 
lndependentVariables Mean 1 Std. Deviation 丨 Minimum 丨 Maximum 
1979-1988 (First Period) 
High socio-economic status factor 0.00 1.00 -1.32 2.83 
Mid-educated working class factor 0.00 1.00 -2.93 2.35 
Aged single household factor 0.00 1.00 -2.34 2.62 
Married home-ownerfactor 0.00 1.00 -3.41 2.16 
Densityofpowerlines# 1.50 4.01 0.00 25.04 
Densityofpowersubstation# 1.09 2.11 0.00 10.26 
Compromised traffic index 9920.03 8702.47 0.00 38821.62 
1984-1988 (Second Period) 
High socio-economic status factor 0.00 1.00 -1.22 3.24 
Mid-educated working class factor 0.00 1.00 -3.37 1.77 
AgedsinglehousehokHactor 0.00 1.00 -2.36 2.34 
Married home-owner factor 0.00 1.00 -3.23 1.84 
Densityofpower lines# 2.48 5.80 0.00 38.01 
Density of power substation# 1.77 3.09 0.00 13.92 
Compromised traffic index 10511.47 9131.41 0.00 40889.80 
1989-1993 (Third Period) 
High socio-economic status factor 0.00 1.00 -1.15 2.79 
Mid-educated working class factor 0.00 1.00 -6.01 1.31 
Aged single household factor 0.00 1.00 -1.87 2.11 
Married home-owner factor 0.00 1.00 -3.02 2.38 
Densityofpowerlines# 2.51 6.50 0.00 45.77 
Densityofpowersubstation# 2.27 3.15 0.00 11.73 
Compromised traffic index 15499.87 14475.97 0.00 83893.25 
# percentage of community area within 100m ofthe feature 
Although correlation analysis is a common method used in ecological 
studies, it is limited to the analysis of bivariate associations among variables. 
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Therefore, the correlation analyses presented here were regarded as a preliminary 
exploration of data before multiple regression analyses dealing with multivariate 
relationships were carried out. Hence, in this section, attentions should be given to 
the persistency and consistency of the observed bivariate associations among time 
periods and between mortality and incidence data. Explanations on the associations 
would be left to the next section concerning regression analyses. 
The analysis generated 490 correlation coefficients which were presented in 
four tables for interpretation (Table 5.14 to 5.17). Data for the two sexes were 
presented separately, as well as for mortality and incidence data. A coefficient value 
was regarded as moderate if its absolute value was greater than 0.4; otherwise, the 
association was regarded as weak. 
5,4,1 Results 
Overall, the values of the coefficients were not very high. Only a few of 
them achieved an absolute value of 0.4, while most of them exhibited weak 
associations. It was also noticed that only a few of them were statistically significant 
at either 0.01 or 0.05 levels. However, all of the significant correlations were 
persistent over time and consistent between mortality and incidence，given that their 
counterparts were also significant. There were also situations where significant 
correlation(s) was/were accompanied by weak and insignificant counterparts which 
may even be in opposite direction (but insignificant). Moreover, for certain cancer 
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Table 5.14 Correlation coefficients between socio-economic and environmental 
factors and ISR of cancer mortalities in males 
ALL COL GAS LEU LIV LUN NPC OES 
High socio- 197&63 -0.417** 0.686^ -0.050 0.029 -0.443*" -0.507** -0.289* -0.028 
economic status 1984^ -0.641*" 0.281* -0.202 0.68T -0.614** -0.663** -0.263* -0.414** 
198&-93 -0.535** 0.287* -0.259* 0.046 -0.501** -0.646** -0.473*" -0.305* 
Mid-educated 1979^ 0.113 0.079 0.092 -0.104 -0.016 0.111 -0.398** 0.166 
working class 1984"88 0.012 0.237 0.182 -0.156 -0.156 -0.005 -0.249 -0.184 
1989-93 -0.206 0.092 -0.197 -0.326* -0.193 -0.146 -0.423** -0.331* 
Aged single 1979^ -0.034 0.082 -0.341* 0.054 0.029 -0.055 0.144 -0.063 
household 1984^ -0.130 -0.131 -0.243 0.095 -0.150 -0.050 -0.194 -0.092 
198&-93 -0.014 0.082 -0.096 -0.108 0.034 -0.050 -0.192 -0.110 
Married home- 1979^ -0.438** 0.343** -0.241 0.009 -0.391** -0.345** -0.212 -0.453** 
owner 1984"88 -0.149 -0.082 0.065 0.098 0,074 -0.128 -0.012 -0.487** 
1989-93 -0.195 -0.142 -0.266* -0.026 -0.019 -0.108 -0.236 -0.191 
Power lines 197&^ 0.004 -0.264* 0.083 -0.185 0.025 0.133 -0.072 0.011 
1984^ -0.045 -0.213 0.153 -0.032 -0.014 -0.035 -0.022 0.009 
1989-93 0.041 -0.177 0.062 -0.246 -0.029 0.111 0.063 -0.018 
Power 1979^ 0.116 0.031 -0.198 -0.283 -0.041 0.089 0.082 0.076 
substations 1984^ 0.143 -0.119 -0.004 0.097 0.168 0.147 -0.076 0.130 
198&-93 0.274* 0.090 0.185 -0.132 0.153 0.289* -0.044 0.215 
Traffic index 197鄉 0.002 0.072 -0.084 -0.290 -0.031 -0.019 -0.211 0.025 
1984^8 0.009 0.124 -0.171 -0.140 0.037 -0.026 -0.177 -0.035 
198&-93 0.086 0.113 0.070 -0.211 0.167 \-0.029 -0.051 -0.041 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159 for key 
Table 5.15 Correlation coefficients between socio-economic and environmental 
factors and ISR of cancer incidences in males (1984-1988) 
COL GAS LEU LIV LUN NPC OES 
High socio-economic status 0. 423** -0. 320* 0. 465** -0.580** -0. 773** -0.389** -0.514** 
Mid-educated working class 0.002 _o.l2l -0.040 -0.006 0.010 0.035 0.115 
Aged single household 0.199 -0.026 -0.017 -0.220 -0.082 -0.288* -0.357** 
Married home-owner 0.035 0.055 -o. 045 -0.059 -0.l50 o. 004 -o.352** 
Power lines -0.305* -0.013 -0. 078 -0.052 -0.033 -0.077 0.067 
Power substations -0.130 -0.135 -0.127 0. 040 0.176 0.085 -0.108 
Traffic index \ - 0 . 0 0 6 \-o.i68 - 0 . 0 8 4 -o.lio 0 . 0 6 i -o.oi7 o.oi2 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159for key 
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Table 5.16 Correlation coefficients between socio-economic and environmental 
factors and ISR of cancer mortalities in females 
ALL BRE CER COL GAS LEU LIV LUN NPC OES 
High socio- 1979^ -0.27? 0.135 -0.009 0.284* -0.078 0.034 0.005 -0.221 -0.306" -0.408* 
economic status 1984^ -0.293* 0.442** 0.000 0.217 0.035 -0.191 -0.207 -0.182 -0.150 -0.199 
1989-93 -0.205 0.218 -0.039 -0.052 -0.230 0.090 -0.285" -0.069 -0.052 -0.025 
Mid-educated 197&^ 0.378*" 0.127 0.022 0.255 0.105 0.204 0.000 0.448*" -0.155 -0.331 
working class 1984^ 0.362^ 0.243 -0.189 0.297* -0.028 -0.122 -0.075 0.306* 0.031 0.227 
198&-93 0.109 -0.041 -0.186 0.120 -0.281* 0.064 -0.456^ 0.258* -0.377* 0.321 
Aged single 197&^ 0.093 0.266" -0.078 0.165 -0.073 0.028 0.052 0.088 -0.093 -0.227 
household 198468 -0.095 0.125 0,195 -0.079 -0.198 -0.076 -0.138 -0.083 0.195 0.072 
198&-93 0.205 0.186 0.110 0.299* -0.132 0.200 0.049 0.141 0.064 -0.152 
Married home- 197&^ -0.286 0.096 0.053 0.051 0.211 -0.208 -0.228 -0.392*" -0.071 0.144 
owner 19&W8 -0.192 0.082 0.227 0,001 0.149 -0.161 0.056 -0.230 -0.216 0.043 
1989-93 -0.201 0.050 -0.099 -0.051 -0.100 -0.321 -0.133 -0.207 -0.048 -0.026 
Power lines 197&^ -0.105 -0.165 -0.023 -0.264* -0.226 -0.078 -0.151 0.009 -0.176 -0.155 
1984^ -0.109 -0.31Cf 0.047 -0.197 0.092 -0.011 -0.110 -0.017 -0.194 0.016 
1989-93 -0.069 -0.062 -0.092 -0.170 0.139 -0.233 -0.025 -0.018 -0.035 -0.232 
Power 197^33 0.418** 0.062 0.348* -0.099 0.263 0.159 -0.093 0.281 0.121 -0.045 
substations 1984^ 0.174 0.129 0.007 0.109 -0.084 0.398* 0.173 0.086 0.144 0.134 
1989-93 0.219 0.072 0.190 0.261* -0.034 0.471** -0.014 0.104 -0.014 0.040 
Traffic index 197&63 0.202 0.040 0.078 0.054 -0.167 0.068 -0.176 0.268 -0.024 -0.231 
1984"88 0.182 0.304* -0.009 0.164 -0.224 -0.026 0.019 -0.008 -0.081 0.196 
198&-93 0.218 -0.023 0.175 0.337^ -0.030 0.297 -0.101 0.245* -0.102 -0.150 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159for key 
Table 5.17 Correlation coefficients between socio-economic and environmental 
factors and ISR of cancer incidences in females (1984-1988) 
BRE CER COL GAS LEU UV LUN NPC OES 
High socio-economic status 0.616^ -0.033 0.033 -0.038 0.285 -0.274* -0.254* -0.329* -0.316 
Mid-educated working class 0.133 0.301* -0.103 -0.065 -o.2i3 -0.034 0.05l o.i83 -o. 468** 
Aged single household 0.397** 0.084 0.424** 0.150 -0.042 -0.089 0.194 0.013 -0.263 
Married home-owner 0.093 0.078 o.i82 -0.054 0.120 0.068 -o.l45 -0.150 -0.200 
Power lines :i^ilZ^2^:_^2f_::^J^Z^ilil_Z^ii^l_zM:^_^:_^;^Z^i^fi_ ^.147 
Powersubstations 0^0^_q^^ -0.021 0.038 0.022 -0.174 0.200 0.208 -0.269 
Traffic index 0.2卯*| 0.340**\ 0.075 \-0.138 -0.195 -0.115 0.140 0.075 -0.307 
^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " * ^ ^ ^ ^ " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ " ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ • ^ • ^ ^ ^ " ^ ^ ^ ^ " ^ • ^ ^ * 
Statistical significance, two-tailed: * p < 0.05; ** p < 0.01 seepage 159 for key 
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types and explanatory factors, no apparent relationship was observed. Only 
significant associations will be discussed in the following sections. 
The geographic patterns of male total cancer mortality were significantly 
negatively correlated with the high-socioeconomic status factor for all study periods 
(r = -0.42 to -0.64, p < 0.01). Female total cancer mortality also showed the same 
but weaker relationship (r = -0.21 to -0.29，p < 0.05 except the third period). In 
addition, for males, total cancer mortality also showed a significant negative 
relationship with the married home-owner factor only for the first period (r = -0.438， 
p < 0.01) and weakly positive with the density of power substations only for the third 
period (r = 0.274, p < 0.05). On the other hand, female total cancer mortality showed 
a significant positive relationship with the density of power substations only for the 
first period (r = 0.418, p < 0.01) and a weak but significant positive relationship with 
the mid-educated working class factor for the first and the second periods (r = 0.36 to 
0.38,p<0.01). 
Female breast cancer was moderately and positively associated with the 
high-socioeconomic status factor. The correlation coefficient between the factor and 
mortality data was 0.442 (p < 0.01) for the second period while that for incidence 
data was 0.616 (p < 0.01). Moreover, it also showed weak positive relationships 
with the aged single household factor for the first period ofmortality (r = 0.266, p < 
0.05) and for incidence (r = 0.397, p < 0.01). It was also observed that the traffic 
index was weakly and positively related to mortality ofthe second period (r = 0.304, 
p < 0.05) and to incidence (r = 0.290, p < 0.05). 
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There was no significant correlation found for cervical cancer mortality with 
any factor, except a weak positive relationship with the density of power substations 
for the first period (r = 0.348, p < 0.05). For incidence data, weak positive 
associations were observed for the mid-educated working class factor (r = 0.301，p < 
0.05) and the traffic index (r = 0.340, p< 0.01). 
Among all study periods of mortality and incidence, male colorectal cancer 
was positively related to the high-socioeconomic status factor. The correlation 
coefficients were 0.686 (p< 0.01) for the first period of mortality and weaker for 
other periods (r = 0.28 to 0.29, p < 0.05); while for incidence, the coefficient was 
0.423 (p < 0.01). Weak positive relationship was also noticed for mortality in the 
first period with the married home-owner factor (r = 0.343, p< 0.01). For females, 
significant weakly positive association was observed between mortality in the third 
period and the traffic index (r = 0.337，p < 0.01). The aged single household factor 
was also related moderately to incidence (r = 0.424, p < 0.01) and weakly to 
mortality in the third period (r = 0.299, p < 0.05). Other weaker associations (|r| < 
0.3) were also observed between mortality in certain periods and various factors but 
they did not replicate in other periods or in incidence data. 
Male gastric cancer displayed weak negative associations with the high-
socioeconomic status factor. The correlation coefficients were -0.259 (p < 0.05) for 
mortality in the third period and -0.320 (p < 0.05) for incidence. It was also 
observed that weak negative associations were observed between mortality in the 
first period and aged-single household factor (r = -0.341, p < 0.05) and between 
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mortality in the third period with the married home-owner factor (r = -0.266，p < 
0.05). On the other hand, only a weak negative correlation was noticed between 
mortality in the third period and the mid-educated working class factor (r = -0.281, p 
< 0.05). No further significant association was observed. 
Moderate positive association was observed between male leukaemia and the 
high-socioeconomic status factor. The correlation coefficients were 0.683 (p < 0.01) 
for mortality in the second period and 0.465 (p < 0.01) for incidence. Mortality in 
the third period also displayed a weak negative relationship with the mid-educated 
working class factor (r = -0.326, p < 0.05). For females, the density of power 
substations was found to exhibit positive association with mortality in the second 
period (r = 0.398，p < 0.05) and in the third period (r = 0.471，p < 0.01). No apparent 
association was detected for incidence data. 
Highly significant and moderate negative association was observed between 
male liver cancer and the high-socioeconomic status factor for all mortality periods 
and incidence data. The correlation coefficients were between -0.44 and -0.61 and 
were all significant at 0.01 level. A weaker but significant negative association was 
also noticed between male mortality in the first period and the married home-owner 
factor (r = -0.391，p < 0.01). On the other hand, for females, the relationship with the 
high socio-economic status factor was weaker and observed only for mortality in the 
third period (r = -0.285, p < 0.05) and for incidence data (r = -0.274, p < 0.05). 
However, a moderate negative association was observed between mortality in the 
third period and the mid-educated working class factor (r = -0.456，p < 0.01). 
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Male lung cancer mortality was moderately and negatively correlated with 
the high-socioeconomic status factor (r 二 -0.44 to -0.61，p < 0.01). The incidence 
counterpart also showed significant and highly negative correlation with that factor (r 
=-0.773, p < 0.01). Male mortality distribution also showed weak negative 
correlation with the married home-owner factor in the first period and weak positive 
correlation with the density of power substations in the third period. On the other 
hand, female lung cancer incidence also displayed weak negative correlation with the 
high-socioeconomic status factor (r = -0.254, p < 0.05). However, female mortality 
was positively associated with the mid-educated working class factor for the first and 
the second period (r = 0.26 to 0.45, p < 0.05 to 0.01). 
Male nasopharyngeal cancer fl^PC) mortality and incidence showed weak to 
moderate negative associations with the high socio-economic status factor for all 
periods. The correlation coefficients ranged from -0.263 to -0.473 and were all 
significant at either 0.05 or 0.01 level. In addition, male NPC mortality also 
displayed negative associations with the mid-educated working class factor for the 
first period (r = -0.398, p < 0.01) and the third period (r = -0.423, p < 0.01). A weak 
negative association was also observed between male NPC incidence data and the 
aged single household factor (r = -0.288, p < 0.05). Similarly, female NPC also 
showed negative association with the high socio-economic status factor to a weaker 
degree for mortality in the first period (r = -0.306, p < 0.05) and for incidence (r = -
0.329，p < 0.05). Female mortality in the third period was also negatively correlated 
with the mid-educated working class factor (r = -0.377, p < 0.05). 
180 
The spatial distribution of male oesophageal cancer was negatively 
correlated with the high socio-economic status factor in a weak to moderate degree 
for mortality in the second (r = -0.414, p < 0.01) and the third period (r = -0.305, p < 
0.05) and for incidence (r = -0.514, p < 0.01). Moreover, it was also negatively 
correlated with the married home-owner factor moderately for mortality in the first 
and the second periods (r = -0.45 to -0.49，p < 0.01) and weakly for incidence data (r 
=-0.352, p < 0.01). Weak negative associations were also observed between 
mortality in the third period with the mid-educated working class factor (r = -0.331， 
p < 0.05) and between incidence and aged single household factor (r = -0.357, p < 
0.01). On the other hand, for females, a negative association with the high socio-
economic status factor was observed only for mortality in the first period (r = -0.408, 
P < 0.05). Moreover, a moderate negative association was observed between 
incidence and the mid-educated working class factor (r = -0.468, p < 0.01). 
To conclude, the temporal persistency and consistency of the strengths of 
correlations between cancer and socio-economic and environmental factors varies 
among different cancer types and between sexes. Males showed a larger number of 
persistently significant correlations than females, as well as stronger associations. 
Fortunately, for those significant associations which did not persist among data sets, 
they did not show inconsistency in the directions of associations among time periods 
and between mortality and incidence. It meant that although their strength of 
associations were limited by certain factors such as random fluctuations due to the 
problem of small numbers, those associations which showed significant correlations 
seemed to be genuine. In other words, the observed associations did really exist and 
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the associated factors were expected to be the ones which could explain cancer 
variability in the latter regression analyses. 
5.5 WEIGHTED STEPWISE REGRESSION MODELING 
Since cancer is influenced by the combined and interacting effects of a 
variety of causal factors, it is preferable to use multiple regression to study the 
simultaneous effects of independent variables (socio-economic and environmental 
variables) on dependent variable (cancer rate). In this study, by means of multiple 
regression technique, cancer mortality and incidence rates of each cancer type by sex 
and time period (of mortality) were related to seven socio-economic and 
environmental factors of the same period. As mentioned in previous sections, 
descriptive statistics on dependent variables are presented in Table 5.2 while those 
on independent variables are shown in Table 5.13. 
In addition, the regression models were free from the problem of 
multicollinearity as affirmed by the fact that the variance inflation factor (VIF) were 
far below ten (Stevens 1986; Hair et al 1995). The problem of non-constant 
variance was avoided by the application of weighted least squares discussed above 
(Weisberg 1985; Stevens 1986). Finally, adjusted R squares were used to measure 
the cross validity of the regression models (Stevens 1986; Hair et al 1995). The 
estimated amount of shrinkage was acceptable at a maximum of20 percent. 
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5.5,1 Results 
Tables 5.18 to 5.35 present the outcomes of weighted stepwise multiple 
regression analyses of cancer mortality and incidence by sex and period on various 
socio-economic and environmental variables. Out of the 70 data sets, 59 models 
were fitted. For the remaining 11 cases, no independent variable could meet the 
entry criteria (significant at 0.05) of the regression models. In every fitted model, the 
selected variables were statistically significant ¢) < 0.05). 
The R squares of the fitted models ranged from 0.07 to 0.6 and only 5 of 
them appeared to explain at least 50 percent of variance. The average variance 
explained was 28.7 percent for males and 25 percent for females. For each cancer 
type by sex, certain variables were frequently selected while others were never 
selected. Associations between cancer rates and variables which were frequently 
selected are discussed in the following section. Moreover, some of the variables 
might be selected once among models for any particular cancer by sex merely due to 
chance. They did not persist over time and thus were ignored, unless they accounted 
for considerable proportions of variance or had great beta values in their models. 
Again, it should be emphasized that, although regression analyses were performed, 
any association found should be viewed as a means of generating hypotheses, rather 
than definite causal relationships. 
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5.5.1.1 Total Cancer 
Models were fitted for all data on male total cancer mortality. The 
proportions of variance explained varied from 22.4 percent to 41.9 percent (Table 
5.18). The cancer were inversely related to the high socio-economic status factor for 
all periods of mortality. This association coincided with those observed from the 
United State and some countries in Westem Europe where people in lower socio-
economic groups had above-average all-sites-combined cancer rates (Levin et al. 
1974). Since the directions and degrees of association between socio-economic 
factor and each specific cancer were not the same, thus the compositions ofthe total 
cancer which differed from place to place should be considered. The common types 
of cancer in Hong Kong and their relative contributions to the cancer burden have 
been discussed in Chapter 3. The major male cancers were those ofthe lung, liver 
and nasopharynx. Being noticed in the previous sections, they were inversely related 
to the socio-economic status. The rationale of the relationship for each specific 
cancer would be discussed in later sections. 
For female mortality, models were fitted only for the first and the second 
periods, with 24.9 percent and 21.3 percent variance explained respectively (Table 
5.19). The only variable selected for both two models was the mid-educated 
working class factor which was positively related to cancer rates. Occupational 
exposure to carcinogens and high population density might be implied as risk factors. 
Unlike the males, the effect of socio-economic status factor was not apparent. It was 
because female total cancer in Hong Kong was mainly composed of cancer of the 
184 
Table 5.24 Weighted stepwise multiple regression: male gastric cancer 
Mortal i ty 
1979-83 11984-88 j 1989 -9^ 
N 65丨 65丨 65 
Model Performance 丨 丨 
Multiple R O.473| 0.647j 0.560 
R2 0.224j 0.419j 0.313 
Ad jus ted . R^ 0.199| 0.410| 0.302 
F-stat is t ics 8.955l 45.439l 28.740 
Signi f icance of F 0.000| 0.000| 0.000 
Un-Standardized Regression Coefficients i i 
Constant 146.134j 160.386! 177.121 
High soc io -economic s ta tus fac tor -7.628| -20.281| -18.395 
Married home-owner fac tor -7.827j 
standardized Regression Coefficients (Beta) j j 
High soc io -economic s ta tus fac tor -0.273! -0.6471 -0.560 
Married home-owner fac tor -0.319| 
Table 5.19 Weighted stepwise multiple regression: female total cancer 
Mortal i ty 
1979-83 i 1984-88 1 1 9 8 9 - ^ 
N 651 6sj 65 
Model Performance i i Nil 
Mult iple R O.499| 0 .46 l j 
R2 0.249! O.2i3| 
Adjusted. R^ 0.225[ 0.187| 
F-stat ist ics 10.268l 8.368l 
Signi f icance of F 0.000i 0.001j 
Un-Standardized Regression Coefficients | i 
Constant 99.012j 109.9061 
High sos io-economic status factor -5.290j 
Mid-educated work ing class factor 7.261 i 7.853! 
Married home-owner factor >4.539i 
standardized Regression Coefficients (Beta) | i 
High sos io-economic status factor -0.276j 
Mid-educated work ing class factor 0.393j 0.442; 
Married h o m e o w n e r factor -0.252; 
Nil: no model could be fitted 
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lung, breast and colon, for which socio-economic status was inversely related to the 
first one while positively related to the other two. Therefore, the opposite effects of 
the factor canceled out. 
5.5.1.2 Cancer of the Female Breast 
Three models were fitted for female breast cancer except for the third period 
of mortality (Table 5.20). The fitted models for mortality in the first and the second 
periods explained 13.7 percent and 32.9 percent of the variance respectively. The 
figure was much higher for incidence data for which 51 percent of the variance was 
explained. Pollock and Vickers (1997) had even observed that affluent groups were 
characterized by higher incidence but lower mortality than deprived groups. It might 
be because the survival rate of female breast cancer is quite high, particular for those 
in higher socio-economic class; therefore, mortality rate is very low and incidence 
rate is a better indicator of the cancer occurrence. No common variable was selected 
for all three models. However, the high socio-economic status factor was found to 
be positively related to breast cancer for the second period of mortality and for 
incidence. This relationship is observed in other international comparisons and local 
studies (Chamberlain 1982a; Peach & Heller 1984; Tomatis et al. 1990; Bumley 
1992; Higginson 1992; Coleman et al 1993). Although various factors are 
suspected and studied, it was believed that two factors 一 socio-economic status and 
diet — could best explain the observed geographical variations in the cancer rates 
(0'Conor 1976). Fat associated in meat intake has been found to be a risk factor for 
female breast cancer in Hong Kong (Koo et al 1997). In fact, diet habit is affected 
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by socio-economic status. The upper class may, in general, tend to adopt Westem 
lifestyles including a diet rich in animal fat and insufficient in fiber. However, 
further in-depth studies are needed to confirm any possible association. 
Moreover, the mid-educated working class factor was, to a lesser degree, 
positively related to mortality in the first period and incidence. It might imply 
carcinogenic exposures in the working environment and condensed living 
environment. 
Table 5.20 Weighted stepwise multiple regression: female breast cancer 
Mortal i ty j Incidence 
1979-8311984-8811989-93 j 1 9 8 4 - i 
N 56| 58! 62l 65 
Model Performance ! | Nil 
Mult iple R 0.370i 0.573| 0.714 
R2 0.137| 0.329l 0.510 
Adjusted. R^ 0.12l | 0.292l 0.494 
F-stat ist ics 8.54l | 8 .82l | j 32.242 
Signif icance of F 0.005| 0.000l 0.000 
Un-Standardized Regression Coefficients j j j 
Constant 7.751| 8.568l 丨 35.382 
Hlgh soc io-economic status factor 1.5521 6.571 
Mid-educated work ing class factor 1.134| 2.864 
Power substat ions -0.243i 
Traff ic index 1.2E~4i 
standardized Regression Coefficients (Beta) i j ： 
High soc io-economic status factor 0.370| 0.558 
Mid-educated work ing class factor 0.370l 0.303 
Power substat ions -0.243丨 
Traff ic index 0.359i 
Nil: no model could be fitted 
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5.5.1.3 Cancer of the Cervix Uteri (Cervical Cancer) 
Except for the second period of mortality, three models were fitted for 
cervical cancer (Table 5.21). However, the proportions of variance explained in the 
models were quite small, ranging from 7.5 percent to 23.4 percent. In each model, 
only one variable was selected and the variables selected were different from one 
another. Results from various models could not be compared. The sex-related and 
vims-related factors (Chamberlain 1982b; Donnan et al 1989; Coleman et al. 1993; 
Schiffman et al 1996) may not be reflected in the independent variables. Thus, no 
consistent conclusion could be drawn. 
Table 5.21 Weighted stepwise multiple regression: female cervical cancer 
Mortal i ty j Incidence 
1979-83 i 1984-88 丨 1989-93 丨 1984-88 
N 48丨 42丨 46丨 63 
Model Performance 丨 Nil j 
Mult iple R 0.483| 0.353l 0.274 
R2 0.234! 0.124i 0.075 
Adjusted. R^ 0.217| 0.104j 0.060 
F-stat ist ics 14.03l i 6.25o! 4.944 
Signi f icance of F 0.000| 0.016l 0.030 
Un-Standardized Regression Coefficients j j ： 
Constant 4.662j 4.435l 16.354 
High soc io-economic status factor -0.680i 
Power substa t ions o.525l 
Traff ic index 1.3E-4 
standardized Regression Coefficients (Beta) I j j 
High soc io-economic status factor -0.353i 
Power substa t ions o.483l 
Traff ic index 0.274 
Nil: no model could be fitted 
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5.5.1.4 Cancer of the Colon and Rectum 
Although colon and rectal cancers are not the sanie and their etiologies may 
not be identical, they are often considered together. Four models were formulated 
for male colorectal cancer (Table 5.22). However, the proportions of variance 
explained by them were small, ranging from 7.6 percent to 28.7 percent. Moreover, 
most of lhe selected variables were different among the models. Nevertheless, the 
high socio-economic status factor was selected twice. It was found to be positively 
related lo mortality rate in lhc first period as well as lo incidence rate. The exact 
causc(s) ofcolorcclal is not well-known (Springhousc Corporation 1995). However, 
niajor concerns arc given to the role of high animal fat and low fibre diet (I,cvin et 
“/. 1()74: Gaz/iird & Lance 1982; Peach & Heller 1984; Colcman et al. 1993; 
Springhousc Corporation 1995). The association had also bccn observed in Ilong 
Kmig (Koo ci al 1997). Allhough socio-economic status is related to diet, there is 
iu) ci>nsislcnl relationship bctwccn colorectal canccr and socio-cconomic stalus 
(l)eadi & Hcllcr 1()84: Pollock & Vickers 1997). On lhc other hand, certain studies 
indicalcd a relationship bctwccn lhc canccr and high socio-cconomic slalus (Burnlcv 
")()2: Iligginson l(>()2: Springhousc Corporation 1W5： Scholtcnfcld & Winawcr 
i m > . I hc rolc ofscdcnlan occupations uas susp^-cicd. In this study, although lhc 
^ircclion of association hclwccn lhc canccr and socio-cconomic stalus is thc sainc as 
iii nian> oihcr studies, lhc sircngih o f ihc association uus liniiicd. 
For fcnialcs. mixicls ucrc fillcd for all dala scls ( Tabic 5.23). Likc lhc male 
<Jata, lhc proportions of \ariancc explained in fcmalc models ucrc small. raiiLiinL' 
^ 4_» 
1S9 
Table 5.22 Weighted stepwise multiple regression: male colorectal cancer 
Mortal i ty | Incidence 
1 9 7 9 - 8 3 丨 1 9 8 4 - 8 8 丨 1 9 8 9 - 9 3 丨 1 9 8 4 - 8 8 
N 59| 62丨 65丨 65 
Model Performance i i | 
Mult ip le R 0.536i 0.338| 0.275| 0.458 
R^ 0.287l O . l i 4 | 0.076| 0.210 
Adjusted. R^ 0.262| 0.099j 0 .06 l | 0.197 
F-stat ist ics 11.2891 7.7361 5.170l 16.732 
Signi f icance of F 0.000j 0.007j 0.026l 0.000 
Un-Standardized Regression Coefficients \ j I 
Constant 10.87l | 13.163| 16.49l | 34.065 
High soc io-economic s tatus fac tor 2.281! 4 . 755 
Mid-educated work ing class factor 1.219| 
Married home-owner factor -0.824l 
Power substa t ions 0.344l 
standardized Regression Coefficients (Beta) I 1 j 
High soc io-economic s tatus factor 0.499! 0.458 
Mid-educated work ing c lass factor 0.338l 
Married home-owner factor _o.275l 
Power substa t ions 0.2391 
Table 5.23 Weighted stepwise multiple regression: female colorectal cancer 
Mortal i ty j Incidence 
1 9 7 9 - 8 3 j 1 9 8 4 - 8 8 j 1 9 8 9 - 9 3 j 1 9 8 4 - 8 8 
N 591 59! 63| 65 
Model Performance \ j i 
>^ l t i p le R 0.450i 0.404| 0.284l 0.463 
R 0.202i 0.163l 0.080i 0.215 
Adjusted. R^ 0.174l 0.149l 0.0651 0.202 
F-stat ist ics 7.960l I I .124 I 5.338j 17.219 
Signif icance of F 0.0021 0.0021 0.024； 0.000 
Un-Standardized Regression Coefficients I j i 
Constant 10.6441 12.7221 13.645l 30.305 
High soc io-economic status factor 1.276丨 
Mid-educated work ing class factor 0.8841 1.253| 3.441 
Power substat ions o.319l 
standardized Regression Coefficients (Beta) j j j 
High s o c i o e c o n o m i c status factor 0.322| 
Mid-educated work ing class factor 0.254l 0.4041 0.463 
Power substat ions o.284l 
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from 8 percent to 21.5 percent. Only the mid-educated working class factor was 
selected three times among the models, except for the third period of mortality. This 
variable was persistently and positively associated with the cancer rates. Like the 
males, occupational factors may be implied in female colorectal cancer, although the 
strength of the association is again limited. 
5.5.1.5 Cancer of the Stomach (Gastric Cancer) 
Models were generated for all data sets for male gastric cancer (Table 5.24). 
The proportions of variance explained ranged from 10.2 percent to 35.8 percent. The 
aged single household factor was selected in all models. It was inversely related to 
cancer mortality and incidence rates. In addition, the married home owner factor was 
selected for the first and the third periods of mortality and showed a negative 
relationship. The exact cause(s) of gastric cancer is not well-known (Coleman et al. 
1993; Springhouse Corporation 1995). However, studies had shown an association 
between low socio-economic status and gastric cancer (Levin et al. 1974; Peach & 
Heller 1984; Tomatis et al 1990; Higginson 1992; Nomura 1996). The mentioned 
association was not observed in this study. Moreover, the roles of the two selected 
factors remained unexplained and further explorations are warranted. 
For females, only two models could be fitted (Table 5.25). They were 
mortality in the first and the third periods, for which the models explained 34.4 
percent and 19.6 percent of the variance respectively. However, the variables 
selected in the two models were not consistent. Thus, no conclusion could be made. 
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Table 5.24 Weighted stepwise multiple regression: male gastric cancer 
Mortal i ty | Incidence 
1979-8311984-88 j 1989-93 j 1984-88 
N 521 561 581 62 
Model Performance \ j j 
Mult ip le R 0.598| 0.379j 0.458j 0.319 
R2 0.358j 0.144i 0.210丨 0.102 
Adjusted. R^ 0.332j 0.128i 0.181| .0 .087 
F-stat ist ics 13.649| 9.076j 7.297| 6.794 
Signi f icance of F 0.000| 0.004| 0.002| 0.012 
Un-Standardized Regression Coefficients | j i 
Constant 10.131j 10.118j 11.6731 19.096 
Aged s ingle househo ld factor -1.719： -0.901j -0.957j -1.587 
Married home-owner fac tor -1.282： -0.915j 
standardized Regression Coefficients (Beta) 1 \ i 
Aged single househo ld factor -0.566| -0.379| -0.377| -0.319 
Married home-owner factor -0.339i -0.370| 
Table 5.25 Weighted stepwise multiple regression: female gastric cancer 
Mortal i ty j Incidence 
1979-83 i 1984-88 j 1989-93 j 1984-88~ 
N 53j 52| 52| 61 
Model Performance Nil \ i Nil 
Mult iple R 0.587j 丨 0.443丨 
R2 0.344i 0.196j 
Adjusted. R ' 0.304| 0.180! 
F-stat ist ics 8.57l | 丨 12.182| 
Signif icance of F 0.000l I o.OOl[ 
Un-Standardized Regression Coefficients \ j I 
Constant 7.18o| | 6.700j 
High soc io-economic status factor -1.13l i 
Mid-educated work ing class factor 0.860j 
Aged single household factor -1.337! 
Power substat ions -0.157i 
standardized Regression Coefficients (Beta) i i j 
High socio-economic status factor -0.443! 
Mid-educated work ing class factor 0.342j 
Aged single household factor -0.479! 
Power substat ions -0.356l 
Nil: no model could be fitted 
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5.5.1.6 Leukaemia 
All male leukaemia data sets produced regression models (Table 5.26). 
However, the proportions of variance explained were small, ranging from 8 percent 
to 24.9 percent. Two variables were selected twice. They were the high socio-
economic status factor with positive association and the traffic index with negative 
association. Results from previous studies had shown positive association between 
high socio-economic status and leukaemia or certain sub-types of leukaemia 
(Alexander et al 1990; Tomastis et al 1990; Linet & Cartwright 1996); while others 
observed no apparent or even opposite relationship (Berry 1982; Peach & Heller 
1984; Lloyd et al. 1995). On the other hand, the direction of association with the 
traffic index was unexpected. Since leukaemia is a rare cancer in Hong Kong, the 
problem ofsmall number of cases made interpretation ofthe results very difficult. 
For females, only two models were formulated with small proportions of 
variance explained (Table 5.27). The model for mortality in the first period 
explained 20.1 percent of the variance, while that for mortality in the third period 
accounted for only 12.5 percent. Moreover，the variables selected in the two models 
were different and thus interpretation was difficult. There was also the problem of 
small numbers of cases and thus no conclusion could be made. 
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Table 5.24 Weighted stepwise multiple regression: male gastric cancer 
Mortal i ty | Incidence 
1979-83 11984-88 j 1989-93 I 1984-88 
N 43i 4 l i 41! 51 
Model Performance \ i | 
Mult iple R 0.425| 0.499j 0.323| 0.283 
R2 0.18 l i 0.249| O.IO4| 0.080 
Adjusted. R^ 0.140| 0.209| 0 .08 l | 0.061 
F-stat ist ics 4.419| 6 .29 l | 4.532| 0.427 
Signif icance of F 0.018| 0.004| 0.040j 0.044 
Un-Standardized Regression Coefficients \ j : 
Constant 4.1181 4.9461 3.4371 7.601 
Hlgh socio-economic status factor 1.1661 0.942 
Mid-educated work ing class factor -0.539j 
Power lines -0.057j 
Traff ic index -4.8E-4; -3.9E-5| | 
standardized Regression Coefficients (Beta) \ j i 
High socio-economic status factor 0.502： 0.283 
Mid-educated work ing class factor -0.323| 
Power lines -0.3281 
Traff ic index -0.434| -0.340| 
Table 5.27 Weighted stepwise multiple regression: female leukaemia 
Mortali ty I Incidence 
1979-8311984-88 i 1989-93 j 1 9 8 4 - ^ 
N 34| 391 35j 47 
Model Performance 丨 Nil 丨 丨 Nil 
Multiple R O.449[ 0.353j 
R2 0.201丨 0.125; 
Adjusted. R^ 0.177| 0.098; 
F-stat ist ics 8.0741 4.702! 
Signif icance of F 0.008j o.037i 
Un-Standardized Regression Coefficients j j : 
Constant 2.662| 2.46ol 
Married home-owner factor -0.6531 
Traffic index 3.3E-5i 
standardized Regression Coefficients (Beta) 1 | : 
Married home-owner factor -0.449| 
Traffic index o.353j 
Nil: no model could be fitted 
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5.5.1.7 Cancer of the Liver 
Four models were fitted for all data sets for male liver cancer (Table 5.28). 
The models explained 19.8 percent to 48 percent of the variance. Only the high 
socio-economic status factor was selected in all models. The variable was 
persistently and inversely related to the cancer mortality and incidence rates. Liver 
cancer is common in parts of Africa and Asia. An inverse relationship with high 
socio-economic status was also observed elsewhere (Peach & Heller 1984; Tomatis 
et al 1990). Despite possible factors like hepatitis B vims and aflatoxin, liver cancer 
was found to be associated with alcohol consumption and alcoholic cirrhosis 
(Stitnimankam 1976; Higginson 1992; London & McGlynn 1996). Moreover, a 
study conducted in Hong Kong found that cigarette smoking may be a possible 
causal factor (Lam et al. 1982). These life-style factors may be reflected in the 
socio-economic status. 
For females, only two models were fitted for mortality in the third period and 
incidence, which explained 22.8 percent and 21 percent ofthe variance (Table 5.29). 
In these two models, only the high socio-economic status factor was selected to be 
inversely related to the cancer rates. The association was similar to that observed for 
males, but in a weaker manner. It is because liver cancer is not common for females 
and thus the problem of small number ofcases existed. 
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Table 5.24 Weighted stepwise multiple regression: male gastric cancer 
Morta l i ty j Incidence 
1979-83 i 1984-88 11989-93 j 1984-88 
N 65! 651 65j 65 
Model Performance \ j i 
Mul t ip le R 0.445丨 0.693丨 0.491丨 0 . 5 ” 
R2 0.1981 0.480j 0 .24 l | 0.261 
Ad jus ted . R^ 0.172; 0 .47 l | 0.229| 0.249 
F-s ta t is t i cs 7 . 66o | 58 .06 l | 19.986j 22.272 
S ign i f i cance of F 0.001j 0.000| 0.000! 0.000 
Un-Standardized Regression Coefficients | i i 
Cons tan t 24.786j 26.0971 27.552| 35.993 
H igh soc io -economic s ta tus fac to r -1.891j -4.725j -3.261j -4.914 
Marr ied home-owner fac to r -1.618l 
standardized Regression Coefficients (Beta) | | j 
High soc io -economic s ta tus fac to r -0.287i _0.693i -0.491! -0.511 
Marr ied home-owner fac to r -0.266| 
Table 5.29 Weighted stepwise multiple regression: female liver cancer 
Morta l i ty j Incidence 
1979-83 [ 1984-88 j 1989-93 I 1984-88~ 
N 52| 54j 58| 57 
Model Performance Nil 丨 Nil 
Mult ip le R i 丨 0.477丨 0.458 
R2 0.228| 0.210 
Ad jus ted . R^ 0.200j 0.180 
F-stat is t ics 丨 8_115| 7.167 
S ign i f icance of F O.OOl| 0.002 
Un-Standardized Regression Coefficients j j i 
Constan t | j 8.368j 10.932 
High soc io -economic s ta tus fac to r -0.9861 -1.610 
Mid-educated wo rk ing c lass fac tor -1127 l 
Power subs ta t ions -0.365 
standardized Regression Coefficients (Beta) | j i 
High soc io -economic s ta tus fac tor -0 .30 l | -0.353 
Mid-educated wo rk ing c lass fac tor -0.287! 
Power subs ta t ions _〇 296 
Nil: no model could be fitted 
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5.5.1.8 Cancer of the Lung 
Models were fitted for all data sets of male lung cancer and the average 
variance explained was 47.2 percent, with a range of 25.2 percent to 60 percent 
(Table 5.30). Only the high socio-economic status factor was selected in all models. 
It was consistently and inversely associated with the cancer mortality and incidence 
rates. A large inverse socio-class gradient was observed over the world (Levin et al 
1974; Bumley 1992; Pollock & Vickers 1997). The social class differences were 
accounted for by smoking habits (Peach & Hdler 1984; Tomatis et al. 1990; Blot & 
Fraumeni 1996). It is a well-known fact that cigarette smoking is the major cause of 
lung cancer, particularly for males (Higginson 1992; Coleman et al 1993). The 
socio-economic status might also reflect variations in occupation exposure to 
carcinogens but the effects could not be distinguished in this study. In addition, the 
factor ofair pollution represented as the traffic index did not account for the spatial 
difference in lung cancer in Hong Kong. 
For females, three models were fitted except for mortality ofthe third period 
(Table 5.31). The model for incidence data explained only 7 percent ofthe variance 
while that for mortality in the first and the second periods explained 34.1 percent and 
20.6 percent respectively. The married home-owner factor was selected in all fitted 
models. It was inversely related to the cancer rates. Moreover, the mid-educated 
working class factor was selected twice for the mortality models. It was positively 
related to the cancer mortality rates. The etiology offemale lung cancer is different 
from that for males and is elusive (Koo et al 1985). Unlike the males, only one third 
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Table 5.22 Weighted stepwise multiple regression: male colorectal cancer 
Mortal i ty j Incidence 
1979-83 i 1984-88 j 1989-93 j 1984-88 
N 65j 65i 651 65 
Model Performance \ 丨 丨 
Mult ip le R 0.502j 0.737j 0.702| 0.774 
R2 0.252j 0.5431 0.492丨 0.600 
Ad jus ted. R^ 0.227i 0.536| 0.484| 0.587 
F-statistics 10.42l| 74.987| 61.133| 46.417 
Signi f icance of F 0.000j 0.000| 0.000j 0.000 
Un-Standardized Regression Coefficients j i i 
Constant 42.439j 48.499| 55.408| 70.475 
High soc io-economic s tatus factor -3.986i -8.910i -9.792j -12.715 
Married home-owner factor -2.313j 
Power l ines -0.328 
standardized Regression Coefficients (Beta) i i j 
High soc io-economic s tatus factor -0.378| _0.737丨-0.702 ! -0.789 
Married home-owner factor -0.238j 
Power l ines | -0.169 
Table 5.31 Weighted stepwise multiple regression: female lung cancer 
Mortal i ty I Incidence 
1979-83 j 1984-88 11989-93 j 1984-88 
N 651 65i 65j 65 
Model Performance 丨 丨 Nil 1 
Mult iple R 0.584| 0.454l 0.264 
R2 0.34 l i 0.20ei 0.070 
Adjusted. R^ 0.320j 0.167| I 0.055 
F-stat ist ics 16.060| 5.27o| | 4.712 
Signi f icance of F 0.000| 0.003| 1 0.034 
Un-Standardized Regression Coefficients j j j 
Constant 23.562| 28.473j 丨 39.545 
Mid-educated work ing class factor 2.975l 2.325l 
Aged s ingle household factor -1.486i 
Married home-owner factor -2.124： -1.832j -1.841 
standardized Regression Coefficients (Beta) \ \ j 
Mid-educated work ing class factor 0.438j 0.333l 
Aged s ingle household factor -0.249! 
Married home-owner factor -0.324： -0.302l -0.264 
Nil: no model could be fitted 
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of female cases are due to active smoking (Koo & Ho 1996). However, putative 
factors related to the endocrine system and occupational exposure were suggested 
(Mason 1994). The second factor might be reflected by the mid-educated working 
class factor which implied that females were exposed to a wide variety of 
occupational carcinogens. Lastly, a possible explanation of the role of the married 
home-owner factor might be that the living environment was better for those who 
were living in their own quarters. 
5.5.1.9 Cancer of the Nasopharynx ftVPC) 
Models were fitted for all data sets of male nasopharyngeal cancer (NPC) 
and explained 14.9 percent to 38.4 percent ofthe variance (Table 5.32). No variable 
was selected for all models. However, the high socio-economic status factor was 
selected three times, except for mortality in the first period. It was inversely related 
to the cancer rates. At present, the most convincing causal hypothesis is the role of 
Cantonese salted fish as a traditional diet (Yu et al 1986; Higginson 1992; Yu & 
Henderson 1996). It was found that individuals in a lower social class experienced 
higher rates in NPC than those in a higher social class (Yu & Henderson 1996). Poor 
people might be associated with poor diet but the question of whether salted fishes 
were more commonly consumed by poor people could not be assessed in this study. 
Lastly, the mid-educated working class factor was selected twice, for mortality in the 
first and third periods, showing a negative association. It meant that NPC was less 
common in the working class living in condensed urban area. 
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Table 5 . 2 4 Weighted stepwise multiple regression: male gastric cancer 
Mortal i ty I incidence 
1 9 7 9 - 8 3 丨 1 9 8 4 - 8 8 j 1 9 8 9 - 9 3 丨 1 9 8 4 - 8 8 
N 59j 59| 56! 65 
Model Performance j j j 
Mult ip le R 0.535| 0.386| 0.620| 0.437 
R2 0.286i 0.149i 0.384| 0.191 
Ad jus ted. R^ 0 .26 l | 0.134| 0.36l{ 0.178 
F-stat ist ics 11.23l | 9.999| 16 .52o| 14.851 
Signi f icance of F 0.000| 0.003j 0.000| 0.000 
Un-Standardized Regression Coefficients | j i 
Constant 12.704丨 10.537i 10.674l 25.831 
High soc io -economic s tatus factor -1.664j -1.637j -3.633 
Mid-educated work ing class fac tor -1.669i -1.203! 
Married home-owner factor - l .534 j 
standardized Regression Coefficients (Beta) | i j 
High soc io-economic status factor -0.386j -0.429| -0.437 
Mid-educated work ing class factor -0.398j -0.302! 
Married home-owner factor -0.380j 
Table 5.33 Weighted stepwise multiple regression: female NPC 
Mortal i ty I Incidence 
1979-83 j 1984-88 j 1989-93 j 1984-88~ 
N 42丨 45丨 40丨 59 
Model Performance 丨 丨 Nil 1 
Mult iple R 0.530j 0.658l 0.514 
R2 0.280| 0.432i 0.265 
Adjusted. R ' 0.262| 0.405| 丨 0.252 
F-stat ist ics 15.587j 16.003| | 20.502 
Signi f icance of F 0.000j 0.000| | 0.000 
Un-Standardized Regression Coefficients i ! j 
Constant 4 .13 l l 3.367j j 9.635 
High soc io-economic status factor -1.114j -1.0871 -2.180 
Mid-educated work ing class factor 0.802i 
standardized Regression Coefficients (Beta) j i j 
High soc io-economic status factor -0.530| -0.677l -0.514 
Mid~educated work ing class factor o.494i 
Nil: no model could be fitted 
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For females, three models were formulated, except for mortality in the third 
period. The proportions of variance explained ranged from 26.5 percent to 43.2 
percent. The high socio-economic status factor was selected in all models. It was 
inversely related to the cancer rates. The possible explanation might be the same as 
that for males. 
5.5.1.10 Cancer of the Oesophagus 
All data sets on male oesophageal cancer generated regression models. The 
models explained considerable proportions of the variance, ranging from 33.2 
percent to 51.9 percent. No variable was selected in all models. However, two 
variables were selected three times with negative association. The first one was the 
high socio-economic status factor. Oesophageal cancer is a disease ofthe poor, with 
highest rates for low socio-economic class (Levin et al. 1974; Gazzard & Plance 
1982; Peach & Heller 1984). Despite tobacco and alcohol consumption, the role of 
poor diet or nutrition is considered as an etiologic factor (Higginson 1992; Cheng et 
al- 1992; Coleman et al 1993; Munoz & Day 1996). The role of diet was also 
implied by the married home-owner factor selected as married people might have a 
more balanced diet that the others. Lastly, the mid-educated working class was 
selected twice but showed associations in opposite directions in the two models. 
For females, models were also fitted for all data sets. The proportions of 
variance explained varied from 13.8 percent to 56.7 percent. Again, no variable was 
selected in all models. However, the high socio-economic status factor was selected 
twice, for mortality in the first and the third periods. On the other hand, the aged 
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Table 5.34 Weighted stepwise multiple regression: male oesophageal cancer 
Mortal i ty j Incidence 
1 9 7 9 - 8 3 1 1 9 8 4 - 8 8 1 1 9 8 9 - 9 3 | 1 9 8 4 - 8 8 
N 54| 53| 56j 59 
Model Performance i j j 
Mult ip le R 0.576| 0.720! 0.640l 0.707 
R2 O.332i 0.519i 0.410| 0.499 
Adjusted. R^ 0.306| 0.499l 0.376! 0.472 
F-stat ist ics 12.660| 26.938i 12.056! 18.283 
Signi f icance of F 0.000| 0.000l 0.000; 0.000 
Un-Standardized Regression Coefficients j j j 
Constant 8.815| 9.295丨 8.828| 15.080 
High soc io-economic s tatus fac tor -2.224! -1.518! -2.150 
Mid-educated work ing class fac tor -2 .52 l j -1.098 
Aged s ingle household factor -0.896l 
Married home-owner factor -2.239l -1.462| -1.979 
Power substa t ions 0.343! 
standardized Regression Coefficients (Beta) \ j j 
High soc io-economic status fac tor -0.510| -0.3191 -0.368 
Mid-educated work ing class fac tor o.477j -0.215 
Aged s ingle household factor -0.2461 
Married home-owner factor -0.575j -0.405j -0.448 
Powersubs ta t i ons o.260l 
Table 5.35 Weighted stepwise multiple regression: female oesophageal cancer 
Mortal i ty j Incidence 
1979-83 j 1984-88 j 1989-93 j 1984-88 
N 27j 24| 3li 37 
Model Performance | ： i 
• ^ I t i p l e R 0.753| 0.618l 0 .37l j 0.690 
R 2 0.567i 0.382| 0.138! 0.476 
Adjusted. R 0.549! 0.354l 0.108l 0.445 
F-stat ist ics 32.682| 13.610; 4.637! 15.452 
Signi f icance of F 0.000| 0.001| 0.040( 0.000 
Un-Standardized Regression Coefficients | i : 
Constant 2.4591 2.0671 1.952¾ 4.037 
High soc io-economic status factor -1.023! _0.471l 
Mid-educated work ing class factor 
Aged single household factor | -0.665l -0.908 
Married home-owner factor -0 581 
standardized Regression Coefficients (Beta) i i i 
High soc io-economic status factor -0.7531 _0.37li 
Aged single household factor o.618l -0.672 
Married home-owner factor _。352 
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single household factor was also selected twice but showed inconsistent sign in the 
directions of association with the cancer rates. The etiology for females may be 
similar to that for the males but less apparent. 
5 .6 INTERPRETATIONS OF RESULTS 
The geographical patterns of various cancers showed different degrees of 
consistency and persistency over time. At the level ofthe whole territory, no cancer 
type exhibited strong spatial clustering as indicated by the values of the spatial 
indices I and c. More specifically, none of total and gastric cancers, leukaemia and 
NPC for both sexes, and female colorectal, liver and lung cancers showed 
statistically significant spatial clustering. Even if some cancers showed weak but 
significant evidences of spatial clustering, most of them did not persist over time. 
They were colorectal and oesophageal cancers of both sexes, female breast cancer, 
cervical cancer, male liver and lung cancers. The lack ofpersistency might be due to 
fluctuating cancer rates resulted from the problem of small number of observed cases 
in certain relatively sparsely populated communities. The effect of population 
migration may also be noticed. 
However, when those communities which showed relatively less fluctuating 
rates were scrutinized, certain spatial patterns were detected which might have some 
implications on possible causal factors. In general, rates for total cancer and cancers 
of the lung, liver, nasopharynx and oesophagus were higher in less affluent 
communities; while rates for male colorectal cancer and female breast cancer were 
higher in more affluent communities. The visual observations were further 
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supported by correlation and regression analyses, though the strengths of 
associations were again limited by the problem of fluctuating community cancer 
rates. Nevertheless, the role of socio-economic factors seemed to be important in the 
cancer etiologies in Hong Kong. 
The problem ofrandom fluctuation in cancer rates was further exemplified by 
the lack of temporal persistency of mortality rates from certain uncommon cancers 
like colorectal and gastric cancers of both sexes, and from certain cancers with high 
survival rates like cervical cancer. None of them showed significant correlations in 
any pair ofsuccessive time periods. On the other hand, some more common cancers 
were less affected by the problem and showed significant temporal positive 
correlations among the three study periods. They included total cancer and lung 
cancer of both sexes and male liver and oesophageal cancers. Indeed, the rates of 
male oesophageal cancer are not very high in Hong Kong. The reason why it 
showed temporal persistency should warrant further studies. Other cancers which 
showed temporal persistency to a lesser degree were NPC and leukaemia of both 
sexes，and female breast, liver and oesophageal cancers, all ofwhich showed positive 
temporal correlations which were only statistically significant in either pair(s). Of 
course，there might be actual changes in the spatial variations of cancer rates which 
affected the temporal persistency; however, no temporal trend of community rates 
was studied because the mortality data were limited to only three time periods. 
Except for cervical cancer, all other cancers provided acceptable levels of 
consistency between mortality and incidence data. However, when the correlations 
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between cancer mortality and incidence were examined, one should consider not 
only the differences in survival rates among various cancer but also the possible 
influences of the problem of random fluctuation in the cancer rates. Both the 
mortality and incidence data collected by areal units were affected by the problem, 
particular for rare cancers and sparsely populated areas. 
Although interpretations of the spatial patterns of various cancers involved 
some difficulties, the results from correlation and regression analyses provided some 
insights towards etiological factors of certain cancers. During interpretation, one 
should cautiously acknowledge the potential problem of ecological fallacy which 
will be discussed in the next chapter. Overall findings highlighted the importance of 
socio-economic status in cancer etiologies. The directions of associations were also 
expected. Apparent inverse relationships were observed in male total cancer and 
lung cancer, and for both sexes, liver and oesophageal cancers. NPC for both sexes 
also showed less apparent inverse associations with socio-economic status. On the 
other hand, apparent positive associations with socio-economic status were observed 
for female breast cancer and to a less degree for male colorectal cancer. To reiterate, 
socio-economic factors are surrogates vaguely reflecting various aspects of lifestyle 
including smoking habits, dietary factors or occupational exposures to carcinogens. 
The ways in which socio-economic factors are related to cancer have already been 
discussed and will not be repeated here. In fact, both the specific factors and the 
underlying mechanism vary considerably among specific cancers, ofwhich each may 
warrant individual and in-depth studies to identify specific carcinogenic agents and 
to generate more precise causal hypotheses. 
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One of the original intentions of this research was to examine whether 
relationships existed between cancer rates and environmental exposures to air 
pollution and EMFs. However, almost all environmental variables were suppressed, 
particularly in regression analysis. Spatial differences in environmental exposures 
contributed to tiny degrees towards the explanation of spatial variations in rates of 
various cancers in Hong Kong. It might reflect the high degree of mobility of 
citizens in Hong Kong. People have rather long daily commuting distances not 
limited to their local communities and various persons may have different 
commuting distances, according to the nature or purpose oftheir trips. Moreover, for 
economically active persons, the environment of their workplaces may be as 
important as their places of residence in the context of carcinogenesis. In addition, 
immigration and internal migration, particular for new town developments in the 
New Territories, are making the issue much more complex. Thus, people are 
exposed to a wide variety of environmental and occupational carcinogenic agents 
which might not be adequately reflected in the environmental data ofthis ecological 
study. 
To conclude, the results of this study indicated the importance of socio-
economic status in affecting the spatial variations in cancer rates in Hong Kong. 
However, methodological limitations imply that the results should be interpreted 
with caution and considered as stimuli to conduct forther studies. This study 
demonstrated the way how routine data collected primarily for different purposes 




6.1 SUMMARY OF FlNDINGS 
This ecological study attempted to study the spatial patterns and temporal 
persistency of incidence and mortality of major cancers and their relationships with 
socio-economic and environmental factors in Hong Kong. The study analyzed three 
periods of mortality data and one period of incidence data. There were seven male 
cancers and nine female cancers studied. For mortality data, deaths from total cancer 
were also included. In addition, as several analyses were carried out, there were a 
considerable amount of results to be interpreted. However, due to certain limitations, 
which will be discussed in later sections, many cancer data sets showed confusing 
and inconclusive geographical patterns and statistical results. While the previous 
chapter has presented all the results in details, this chapter is going to highlight those 
conclusive ones which seem to be real, significant or persistent among data sets. 
6丄1 Summary on Geographical Analysis ofCancer Patterns 
The geographical patterns of mortality and incidence ofvarious cancers were 
examined by the Moran's I and Geary's c indices. These two indices provided 
information on the degree of clustering of community cancer rates in Hong Kong as 
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a whole. Evidences on spatial clustering were observed for colorectal and 
oesophageal cancers for both sexes, female breast cancer, cervical cancer, male liver 
and lung cancers for at least one data set. However, their patterns were not persistent 
among different time periods or between mortality and incidence data. In other 
words, they emerged only sporadically, and interpretation of the overall patterns 
based on the results of the two indices were difficult. 
Nevertheless, when the geographical patterns were scrutinized according to 
those high and low community rates which repeated among data sets, certain clues 
could be provided for etiology. Fluctuating rates led to "noise" on the maps. It was 
particularly problematic for uncommon cancers and areas with small populations in 
which a slight change in the number of observed cases would lead to a considerable 
change in the standardized rate. When these noise effects were bome in mind during 
interpretation, much clearer pictures could be seen for the cancer patterns. 
In general, a considerable degree of the spatial variations in cancer rates 
could be associated with socio-economic status (SES). There were generally three 
groups of cancers with respect to the nature of the association. The first group 
exhibited higher rates in lower SES communities. This group consisted of total 
cancer, liver cancer, lung cancer, and to a lesser degree NPC and male oesophageal 
cancer. The second group, in contrast, exhibited higher rates in higher SES 
communities. Female breast cancer and male colorectal cancer belonged to this 
group. The last group included cervical cancer, gastric cancer, leukaemia and female 
colorectal and oesophageal cancers which did not show apparent association with 
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spatial variation in socio-economic status. Moreover, it was observed that rates of 
both male NPC and male liver cancer were higher in the New Territories. Although 
low SES would account for part of the differences, there might be certain aspects of 
rural life and environmental factors other than SES would play some roles in their 
etiologies. A possible explanation might partly be the role of viruses associated in 
poor hygienic environment in their etiologies. 
6丄2 Summary on Statistical Analysis of Cancer Variables 
Associations between various cancer were revealed by correlation 
coefficients between their geographical patterns. A total of 64 out of 228 
coefficients were statistically significant (p = 0.05 or 0.01) and almost all of them 
were positive. In general, all significant coefficients were not very high and many of 
them did not persist among data sets. However, male lung and liver cancers were 
positively correlated for all data sets (r = 0.53 to 0.65, p< 0.01). It also was observed 
from the maps that rates ofboth of them were higher in poorer communities. This 
meant that both of them might have some common etiological factors associated 
with certain aspects oflifestyle, for example, differences in smoking and diet habits 
for different social classes which might require further studies. On the other hand, 
certain other cancer pairs also exhibited, to a certain degree, significant correlations. 
However, since they were not generally not very highly correlated and the 
associations did not persist among data sets, caution had to be made during 
interpretation. 
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Significant and persistent temporal correlations were observed for mortality 
from total cancer and lung cancer for both sexes and male liver and oesophageal 
cancers. The three specific cancers were characterized by low survival rates. Less 
than 10 percent of patients could survive within five years after diagnosis. It meant 
that the duration between diagnosis and death was generally short; thus the mortality 
patterns were less affected by long-term factors such as personal variations in 
medical treatments, lengths of survival and internal migration after diagnosis. 
Properly collected incidence data should truly reflect the degree ofpopulation 
response towards the effects of environmental carcinogenic agents in any particular 
place and time period. However, sometimes it is the mortality data which are 
available instead of incidence data. Therefore, correlations between mortality and 
incidence data for the same period were studied to examine whether mortality data 
are good proxies for incidence data for various cancers. Results indicated that 
correlation coefficients between two kinds of data for all cancer types were positive 
and significant, ranging from 0.458 to 0.810 except cervical cancer. The correlations 
were believed to be affected by both the survival rates of various cancers and the 
fluctuations of community cancer rates. In particular, male lung，liver, gastric and 
oesophageal cancers and gastric cancer ofboth sexes, ofwhich all were characterized 
by low survival rates, had high correlations (r > 0.6, p < 0.01). Thus, mortality data 
for them were reasonable surrogates for incidence data. 
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6丄3 Summary on Associations between Cancers and Environmental Variables 
In this ecological study, the associations between cancer rates and socio-
economic and environmental variables were studied with multiple regression 
analyses. The aim of this kind of study is usually to detect possible relationships 
between cancer risk and environmental exposure levels and then suggest explanatory 
hypotheses. 
For the 70 data sets, there were 59 models fitted. The R squares ofthe fitted 
models varied considerably from 0.07 to 0.6. Only 5 models could explain at least 
50 percent of the variance. The average variance explained was 28.7 percent for 
males and 25 percent for females. This was expected because the causal mechanism 
ofcancer is believed to be extremely complex and all carcinogenic factors could not 
be included in any single cancer study. 
Among all explanatory variables, it was found that socio-economic status 
accounted for the largest proportions of variance in cancer rates, overwhelming the 
roles ofair pollution and ELF EMFs. Cancers found to be inversely related to socio-
economic status were liver and oesophageal cancers and male total and lung cancers, 
and to a lesser degree NPC of both sexes. On the other hand, those which showed 
positive relationships with socio-economic status were female breast cancer and to a 
lesser degree male colorectal cancer. Besides the socio-economic status factor, 
certain female cancers showed associations with the mid-educated working class 
factor. The factor was positively related to female total, colorectal and lung cancers. 
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It might reflect certain aspects of the females such as exposure to occupational 
carcinogens and dense living environment. Lastly, analyses on cervical cancer, 
leukaemia and gastric cancer did not result in any conclusive pattem nor association. 
It must be stressed that the roles of socio-economic status in various cancer 
etiologies should be different from one another. Indicators ofsocio-economic status, 
which are usually measured by income, education and occupation, are indeed proxies 
for certain particular aspects of lifestyle and behaviour. For example, SES may 
indicate smoking status for lung cancer while it may reflect unhealthy diet for 
oesophageal cancer, although both the two cancers are more common in lower SES 
people. Therefore, this ecological study is one of the many approaches of 
epidemiology. It should be viewed as an initial step in cancer etiology (English 
199¾. Further refined epidemiological and even experimental studies should be 
carried out to suggest causal hypotheses. 
6.2 RESEARCH LIMITATIONS 
This research encountered a major limitation conunonly faced by all other 
studies using the ecological approach. Since the data on cancer and explanatory 
variables were collected separately and measured in aggregated levels rather than in 
the individual level. One must acknowledge the potential problem of ecological 
fallacy before deriving any conclusion from the results. In other words, it is 
problematic to make inferences on causal relationships at the individual levels based 
on results from aggregated ecological data (Jones & Moon 1987; Tomatis et al 
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1990; Greenland 1992; Thomas 1992; Greenberg & Schneider 1995; Kelsey et al 
1996). Any association observed at the ecological level does not necessarily hold at 
the individual levels. It is the reason why results obtained in ecological studies are 
often used to raise questions and suggest hypotheses which will be tested by other 
analytical or experimental studies. Nevertheless, the results obtained in this research 
were reasonably plausible as they were comparable with many other studies on 
socio-economic status and cancer rates. 
Another limitation of studying aggregative statistics is that data are tied to 
particular sets of administrative regions. The lack of flexibility results in several 
problems. First, the community cancer rates were affected by the sizes and shapes of 
the areal units. It was known as the modifiable areal unit problem (Openshaw & 
Taylor 1981). Second, the problem of small number of cancer cases attributed to 
certain sparsely populated communities hindered certain aspects of this study by 
inversely affecting the stability of spatial variations of cancer rates, which ftoher 
affected the results of statistical analyses such as spatial autocorrelation, correlation 
and regression. In these cases, the effect of random variation alone could largely 
affect interpretations (Hole & Lamont 1992). Due to uneven distribution of 
population, it was difficult to make a balance between delimiting boundaries 
according to population size and geographical area. Communities with equal 
population sizes would be greatly different in geographical areas, and vice versa. 
Communities with too small populations would result in unstable statistics while 
those with too large geographical areas would result in over-smoothing of 
environmental exposures. 
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This research did not consider the fact oflatency in cancer development. It is 
known that development of cancer is the result of past exposure to carcinogenic 
effects of, say, several decades before the induction of the disease. However, for 
simplicity, this research attempted to study cancer rates with environmental variables 
of the same periods because the exact lengths of latency of various cancer are 
different and not exactly known. Moreover, temporal correlations ofsocio-economic 
and environmental variables are significantly and highly positive among the three 
study periods. Further studies should take into account the possible role of 
modification effects oflatent periods of specific cancers. 
Effects of population migration further complicate the problem. People 
moving over space are exposed to a wide variety of environmental carcinogens. It is 
almost impossible to adjust for migration effects in any ecological study. A partial 
solution was suggested that ecological study should be limited to more stable 
communities (Walter 1991b). However, in a dynamic economy like Hong Kong, 
people are not only migrating internally and externally, but also commuting daily for 
various economic and social purposes. The database of this research might not 
capture this aspect of exposure to environmental carcinogens not limited to home 
communities. 
The last but not the least, the performance ofthe ecological study was largely 
affected by the suitability of the independent variables in representing the genuine 
levels of exposure. Heterogeneity of community populations within areas may 
adversely affect the strength of correlations between cancer rates and independent 
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variables (Bumley 1992). It was particularly true for communities in the New 
Territories where population is mixed from those living in villages and new towns. 
In new towns, population consists of people living in lower-class public housing 
estates as well as middle-class private apartments. Moreover, there was usually no 
suitable direct measure of air pollution available for the use of such kind of 
ecological study at small-area scale (Sainsbury et al. 1996). This research used the 
compromised traffic index based on network density and traffic volume as a proxy 
measure for the local level of air pollution of vehicle origin. However, alternative 
derivation methods were possible such as traffic and/or industrial land use proportion 
and air pollution computer modeling; but their feasibility was not examined in this 
research. 
6 . 3 IMPLICATIONS FOR FUTURE STUDIES 
Due to constraints in time and resources, this study adopted an ecological 
approach to study routinely collected mortality and incidence data of several major 
cancers in Hong Kong. This study gave a general view of the cancer problem and 
examined the relationships between cancer and independent variables derived with 
GIS techniques. Thus, a considerable amount offurther effort is needed for the study 
ofcancer etiology in Hong Kong. 
Future geographical studies should be based on data obtained at the 
individual level. Record linkage could be used to connect cancer data and exposure 
data of individuals so that analytical studies may become possible. One may raise 
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the question of privacy; but there are indeed practical ways to ensure personal 
confidentiality (Quinn 1992). Studies based on data where both the disease and 
exposure are measured in the same individuals could suggest causal relationships 
free from the problem of ecological fallacy. 
Moreover, when data at the individual level are available, it is preferable to 
conduct small-area studies which has been emphasized in European WHO member 
countries. With growing awareness of the potential adverse effects of localized 
health hazards such as incinerators and chemical plants, more geographically refined 
data and more sophisticated analytical methods are called for. GIS should provide an 
indispensable tool to meet this end. It is also possible to detect localized clusters of 
cancer without putative sources so as to identify localities for further analyses. For 
example, Aberdeen/WongChukHang (HK20) which had high rates in many cancers 
should warrant further in-depth studies to reveal any possible carcinogenic factors 
associated in this specific community. 
One could also concentrate on studying associations between individual 
cancers and environmental factors. Various types of cancers as well as their causal 
factors vary at different geographical scales. One may have to flexibly delimit his 
study area according to the cancer of interest. More definite and precise socio-
economic and environmental factors should also be used. It should also be noticed 
that environmental exposures may not be limited to local areas but affected by 
neighbouring regions. The problem of migration and latency should be considered if 
individual histories are available. 
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LIST OF COMMUNITIES AND THEIR COMPONENTS 
-Hong Kong Island 
Community Community name Descriptions 
code 
HK1 West Kennedy Town, Shek Tong Tsui 
HK2 SaiYingPun Sai Ying Pun 
HK3 Central/SheungWan Central, Sheung Wan 
HK4 WanChaiNorth Wan Chai North, Queen's Way, Harcout Road, Canal Road 
HK5 WanChai Wan Chai, Johnston Road, Queen's Road East 
HK6 HappyValley Wai Chai Gap, Happy Valley, Tai Hang 
HK7 ThePeakA/ictoriaPeak Victoria Peak, University of Hong Kong, Lyttelton Road 
HK8 Mid-Levels Mid-Levels, Robinson Road 
HK9 ThePeak/MountGough The Peak, Mount Gough 
HK10 NorthPoint/CausewayBay North Point, Causeway Bay 
HK11 TaiHangEast Tai Hang (Eastern), Lai Tak Tsuen 
HK12 BoMaShan Braemar Hill 
HK13 NorthPointEast North Point (Eastern), Healthy Village. Model Housing Estate 
HK14 QuarryBay Quarry Bay, Taikoo Shing 
HK15 QuarryBaySouth Kornhill, Greig Road, south of Tai Koo MTR 
HK16 ShauKeiWan Shau Kei Wan, Sai Wan Ho 
HK17 ChaiWan/ShekO Chai Wan, Shek 0 
HK18 PokFuLam PokFuLam 
HK19 PokFuLamSouth Wah Fu Estate, Pok Fu Lam Gardens 
HK20 AberdeenAA/ongChukHang Aberdeen, Ap Lei Chau, Wong Chuk Hang, Shouson Hill 
HK21 |South |Repulse Bay, Stanley, Chung Hom Kok, Tai Tam 
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LIST OF COMMUNITIES AND THEIR COMPONENTS (cont'd) 
-Kowloon 
Community Community name Descriptions 
code 
KL1 TsimShaTsui Tsim Sha Tsui, south of Gascoigne Road 
KL2 TaiKokTsui Tai Kok Tsui, west of Prince Edward MTR 
KL3 MongKok Mong Kok, west of Mong Kok KCR 
KL4 YauMaTei Yau Ma Tei, south of Mong Kok MTR 
KL5 Jordan King's Park, north of Jordan Road, south of Yau Ma Tei MTR 
KL6 HoManTinNorth Area bounded by Mong Kok KCR, Argyle St. and Boundary St. 
KL7 HoManTin Ho Man Tin St., Ho Man Tin Hill Rd. 
KL8 MaTauWai Ma Tau Wai Road 
KL9 HoManTinrroKwaWan Tin Kwong Rd., To Kwa Wan, Fat Kwong St., Man Yue St. 
KL10 HungMom Hung Hom, Whampoa Garden 
KL11 LaiChiKok Lai Chi Kok, Mei Foo Sun Chuen 
KL12 CheungShaWanNorth Northern Cheung Sha Wan 
KL13 CheungShaWan/ShamShuiPo Cheung Sha Wan, Sham Shui Po 
KL14 ShekKipMei Shek Kip Mei, Yau Yat Tsuen 
KL15 CheungShaWanSouth Lai On Estate, Lai Kok Estate 
KL16 ShamShuiPo Area bounded by Boundary St., Nam Cheong St. and Tai Po Rd. 
KL17 KowloonTongWest Waterloo Road, east of Kowloon Tong KCR 
KL18 KowloonTongEast Broadcast Rd, Renfrew Rd, Lok Fu Park, Kowloon Tsai Park 
KL19 WongTaiSin/Diamond Hill Chuk Yuen, Wong Tai Sin (north), Tse Wan Shan, Diamond Hill 
KL20 LokFu Lok Fu, Tin Ma Court, Wang Tau Hom 
KL21 WongTaiSin Wong Tai Sin (south), Tung Tau Estate 
KL22 SanPo Kong San Po Kong, south of Choi Hung Road 
KL23 KowloonCity Kowloon City 
KL24 ChoiHungEst Choi Hung Estate 
KL25 |KwunTong |f<wun Tong, Kowloon Bay, Ngau Chi Wan, Lam Tin, Yau Tong 
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LIST OF COMMUNITIES AND THEIR COMPONENTS (cont'd) 
-New Territories 
Community Community name Descriptions 
code 
NT1 TsuenWan/ShamTseng Tsuen Wan (north), Sham Tseng, Tso Kung Tam, Lo Wai 
NT2 HaKwaiChung Ha Kwai Chung, Wing Shun St., Tai Lin Pai Rd, Lai King MRT 
NT3 TsuenWan Tsuen Wan 
NT4 SheungKwaiChung Shek Wai Kok, Cheung Shan, west of Wo Yi Hop Road 
NT5 KwaiChung/KwaiShing Kwai Chung Estate, Kwai Shing, Kwai Hing, Kwai Fong 
NT6 ShekYam/ShekLei Shek Yam Estate, Shek Lei Estate 
NT7 TsingYi Tsing Yi Island 
NT8 TuenMun Tuen Mun, Tai Lam 
NT9 LauFauShan Lau Fau Shan, Ha Tsuen 
NT10 YuenLong Yuen Long 
NT11 KamTin/PatHeung Kam Tin, Pat Heung 
NT12 SheungShui/LamTsuen Sheung Shui, Fanling other area, Fairview Park, Ngau Tam Mei 
NT13 Fanling Fanling New Town, Luen Wo Hui 
NT14 SheungShui/ShaTauKok Sheung Shui (northeast), Sha Tau Kok 
NT15 TaiPorroloHarbour Tai Po, Ma On Shan, area (and islands) around Tolo Harbour 
NT16 ShaTin Sha Tin, Tai Wai 
NT17 SaiKung Sai Kung and surrounding islands, Tseung Kwan 0 
NT18 CheungChau Cheung Chau 
NT19 |lslands |Lantau Island and other outer islands 
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APPENDIX III 
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TERTIARY PLANNING UNITS - COMMUNITY CONVERSION LIST (1979-83) 




































































TERTIARY PLANNING UNITS - COMMUNITY CONVERSION LIST(1984-88j 




































































TERTIARY PLANNING UNITS - COMMUNITY CONVERSION LIST (1989-93) 
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BASIC PROGRAM FOR CALCULATING MORAN AND GEARY INDICES 
10 R E M’ R e s e a r c h - s p e c i f i c B A S I C p r o g r a m f o r c a l c u l a t i n g 
2 0 R E M ' 
3 0 R E M ' M o r a n a n d G e a r y s t a t i s t i c s a n d s i g n i f i c a n c e t e s t s 
4 0 R E M ' 
5 0 R E M’ B a s e d o n G o o d c h i l d , M . F . ( 1 9 8 6 ) 
60 R E M ' 
7 0 N = 6 5 : N A $ = "“ 
80 D I M Z ( 6 6 ) , W O ( 6 6 , 6 6 ) , W ( 6 6 , 6 6 ) , S W I D O T ( 6 6 ) , S W D O T I ( 6 6 ) 
9 0 R E M ' Z e r o t h e w e i g h t m a t r i x 
1 0 0 F O R 1 = 1 T O 6 6 
1 1 0 F O R J = 1 T O 6 6 
1 2 0 W ( I , J ) = 0 : W 0 ( l , j ) = 0 
1 3 0 N E X T J 
1 4 0 N E X T I 
1 6 0 R E M ' r e a d m a t r i x d a t a 
1 7 0 R E A D L E F T 
1 8 0 I F L E F T = 9 9 9 T H E N 2 6 0 
1 9 0 R E A D R I G H T 
2 0 0 I F L E F T = 0 T H E N 2 5 0 
2 1 0 I F R I G H T = 0 T H E N 2 5 0 
2 2 0 G O S U B 1 6 0 0 
2 3 0 W 0 ( L E F T , R I G H T ) = 1 
2 4 0 W 0 ( R I G H T , L E F T ) = 1 
2 5 0 G O T O 1 7 0 
2 6 0 R E M ' 
2 7 0 G O S U B 1 7 0 0 
2 8 0 I F N A $ = " E N D E D " T H E N C L S : P R I N T " - T H E E N D - " ： E N D 
2 9 0 G O S U B 1 8 0 0 
3 0 0 C L S 
3 1 0 REM， C h e c k : i f S M R s = 0 ( i n v a l d c a s e ) t h e n a d j u s t z ( I ) a n d w ( i , j ) 
3 2 0 F O R K = 6 5 T O 1 S T E P - 1 
3 3 0 I F Z ( K ) < > 0 T H E N 4 6 0 
3 4 0 F O R I = K T O 65 
3 5 0 F O R J = 1 T O 65 
3 6 0 W ( I , J ) = W ( I + l , J ) 
3 7 0 N E X T J 
3 8 0 F O R J = 1 T O 65 
3 9 0 W ( J , I ) = W ( J , I + 1 ) 
4 0 0 N E X T J 
4 1 0 N E X T I 
4 2 0 F O R J = K T O 65 
4 3 0 Z ( J ) = Z ( J + 1 ) 
4 4 0 N E X T J 
4 5 0 N = N - 1 
4 6 0 N E X T K 
4 7 0 R E M ' E n d o f t h e a d j u s t m e n t p r o c e s s e s 
5 0 0 R E M ' F i n d t h e m e a n a n d v a r i a n c e s 
5 1 0 S U M 1 = 0 
5 2 0 S U M 2 = 0 
5 3 0 F O R 1 = 1 T O N 
5 4 0 S U M l = S U M l + Z { I ) 
5 5 0 S U M 2 = S U M 2 + Z ( I ) A 2 
5 6 0 N E X T I 
5 7 0 Z B A R = S U M l / N 
5 8 0 S S Q = S U M 2 / N - Z B A R " 2 
5 9 0 S I G S Q = ( S U M 2 - Z B A R * S U M 1 ) / ( N - 1 ) 
6 0 0 P R I N T " C u r r e n t D a t a i s : “；NA$ : P R I N T 
6 1 0 P R I N T " M e a n v a l u e : " ; Z B A R 
6 2 0 P R I N T " S a m p l e v a r i a n c e : ";SSQ;“ s t d d e v i a t i o n : " ; S Q R ( S S Q ) 
6 3 0 P R I N T " P o p u l a t i o n v a r i a n c e : " ; S I G S Q ;“ s t d d e v i a t i o n : " ; S Q R ( S I G S Q ) 
6 4 0 R E M ' Z e r o t h e w e i g h t s m a t r i x t h e n r e q u e s t d a t a e n t r y 
6 5 0 P R I N T 
6 9 0 R E M’ F i n d v a r i o u s s u m s f o r t h e w e i g h t s m a t r i x 
7 0 0 F O R 1 = 1 T O N 
7 1 0 S W I D O T ( I ) = 0 
7 2 0 S W D O T I ( I ) = 0 
7 3 0 N E X T I 
7 4 0 S 0 = 0 
7 5 0 S 1 = 0 
7 6 0 S 2 = 0 
7 7 0 I D E N O M = 0 
7 8 0 C D E N O M = 0 
7 9 0 F O R 1 = 1 T O N 
8 0 0 F O R J = 1 T O N 
8 1 0 S W I D〇T ( I ) = S W I D〇T( I ) + W ( I , J ) 
8 2 0 S W D O T I ( J ) = S W D O T I ( J ) + W ( I , J ) 
8 3 0 S O = S O + W ( I , J ) 
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8 4 0 S 1 = S 1 + ( W ( I , J ) + W ( J , I ) ) " 2 
8 5 0 I D E N C M = I D E N O M + ( Z ( I ) - Z B A R ) * ( Z ( J ) - Z B A R ) * W ( I , J ) 
8 6 0 C D E N O M = C D E N O M + ( Z ( I ) - Z ( J ) ) ^ 2 * W ( I , J ) 
8 7 0 N E X T J 
8 8 0 N E X T I 
8 9 0 R E M’ C a l c u l a t e i n d i c e s 
9 0 0 M O R A N = I D E N O M / ( S S Q * S O ) 
9 1 0 G E A R Y = C D E N O M / ( 2 * S I G S Q * S 0 ) 
9 2 0 P R I N T 
9 3 0 P R I N T " C o e f f i c i e n t s : " 
9 4 0 P R I N T " M o r a n ' s I: “；MORAN 
9 5 0 P R I N T " G e a r y ' s c : “；GEARY 
9 6 0 F O R 1 = 1 T O N 
9 7 0 S 2 = S 2 + ( S W I D O T ( I ) + S W D O T I ( I ) ) ^ 2 
9 8 0 N E X T 工 
9 9 0 S l = S l / 2 
1 0 0 0 R E M’ C a l c u l a t e h i g h e r m o m e n t s o f z 
1 0 1 0 M 2 = S S Q 
1 0 2 0 M 4 = 0 
1 0 3 0 F O R 1 = 1 T O N 
1 0 4 0 M 4 = M 4 + ( Z ( I ) - Z B A R ) A 4 
1 0 5 0 N E X T 工 
1 0 6 0 M 4 = M 4 / N 
1 0 7 0 B 2 = M 4 / M 2 " 2 
1 0 8 0 R E M ' P r i n t o u t t h e s e r e s u l t s 
1 0 9 0 P R I N T 
1 1 0 0 P R I N T " I n t e r m e d i a t e s t a t i s t i c s : " 
1 1 1 0 P R I N T " S O : " ; S 0 
1 1 2 0 P R I N T " S 1 : " ; S 1 
1 1 3 0 P R I N T " S 2 : " ; S 2 
1 1 4 0 P R I N T " m 2 : " ; M 2 
1 1 5 0 P R I N T " m 4 : " ; M 4 
1 1 6 0 P R I N T " b 2 : " ; B 2 
1 1 7 0 P R I N T 
1 1 8 0 I N P U T " H i t a n y k e y t o c o n t i n u e " , A $ 
1 1 9 0 R E M ' C a l c u l a t e e x p e c t a t i o n s 
1 2 0 0 E I = - 1 / ( N - 1 ) 
1 2 1 0 E C = 1 
1 2 2 0 C L S : P R I N T " C u r r e n t D a t a i s : “；NA$ : P R I N T 
1 2 3 0 P R I N T " E x p e c t a t i o n s : “ 
1 2 4 0 P R I N T " R e s a m p l i n g , M o r a n : " ; E I 
1 2 5 0 P R I N T " R a n d o m i z a t i o n , M o r a n : " ; E I 
1 2 6 0 P R I N T " R e s a m p l i n g , G e a r y : “；EC 
1 2 7 0 P R I N T " R a n d o m i z a t i o n , G e a r y : “ / E C 
1 2 8 0 R E M ' C a l c u l a t e v a r i a n c e s 
1 2 9 0 V A R N I = ( N A 2 * S l - N * S 2 + 3 * S C ) A 2 ) / ( S 0 A 2 * ( N A 2 - l ) ) - E I A 2 
1 3 0 0 V A R R I = N * ( ( N " 2 - 3 * N + 3 ) * S l - N * S 2 + 3 * S 0 " 2 ) - B 2 * ( ( N " 2 - N ) * S l - 2 * N * S 2 + 6 * S 0 " 2 ) 
1 3 1 0 V A R R I = V A R R I / ( ( N - 1 ) * ( N - 2 ) * ( N - 3 ) * S 0 ^ 2 ) - E I " 2 
1 3 2 0 V A R N C = ( ( 2 * S l + S 2 ) * ( N - l ) - 4 * S 0 " 2 ) / ( 2 * ( N + l ) * S 0 " 2 ) 
1 3 3 0 V A R R C = ( N - 1 ) * S 1 * ( N " 2 - 3 * N + 3 - ( N - l ) * B 2 ) 
1 3 4 0 V A R R C = V A R R C - l / 4 * ( N - 1 ) * S 2 * ( N ^ 2 + 3 * N - 6 - ( N ^ 2 - N + 2 ) * B 2 ) 
1 3 5 0 V A R R C = ( V A R R C + S O " 2 * ( N " 2 - 3 - ( N - 1 ) ^ 2 * B 2 ) ) / ( N * ( N - 2 ) * ( N - 3 ) * S 0 " 2 ) 
1 3 6 0 P R I N T 
1 3 7 0 P R I N T " V a r i a n c e s : “ 
1 3 8 0 P R I N T " R e s a m p l i n g , M o r a n : “；VARNI 
1 3 9 0 P R I N T " R a n d o m i z a t i o n , M o r a n : “；VARRI 
1 4 0 0 P R I N T " R e s a m p l i n g , G e a r y : “；VARNC 
1 4 1 0 P R I N T " R a n d o m i z a t i o n , G e a r y : " ; V A R R C 
1 4 2 0 R E M ' C a l c u l a t e s t a n d a r d d e v i a t e s 
1 4 3 0 S N I = ( M O R A N - E I ) / S Q R ( V A R N I ) 
1 4 4 0 S R I = ( M O R A N - E I ) / S Q R ( V A R R I ) 
1 4 5 0 S N C = ( G E A R Y - E C ) / S Q R ( V A R N C ) 
1 4 6 0 S R C = ( G E A R Y - E C ) / S Q R ( V A R R C ) 
1 4 7 0 P R I N T 
1 4 8 0 P R I N T " S t a n d a r d d e v i a t e s : " 
1 4 9 0 P R I N T " R e s a m p l i n g , M o r a n : " ; S N I 
1 5 0 0 P R I N T " R a n d o m i z a t i o n , M o r a n : “；SRI 
1 5 1 0 P R I N T " R e s a m p l i n g , G e a r y : “；SNC 
1 5 2 0 P R I N T " R a n d o m i z a t i o n , G e a r y : “；SRC 
1 5 3 0 P R I N T 
1 5 4 0 I N P U T " H i t a n y k e y t o s e e s u m m a r y " , A $ . 
1 5 5 0 C L S 
1 5 6 0 G O S U B 1 9 0 0 
1 5 7 0 G O T O 2 7 0 
1 6 0 0 R E M’ A d j u s t c o m m u n i t i e s c o d e 
1 6 1 0 I F L E F T > 3 0 0 T H E N L E F T = L E F T - 2 5 4 : G O T O 1 6 4 0 
1 6 2 0 I F L E F T > 2 0 0 T H E N L E F T = L E F T - 1 7 9 : G O T O 1 6 4 0 
1 6 3 0 I F L E F T > 1 0 0 T H E N L E F T = L E F T - 1 0 0 
1 6 4 0 I F R I G H T > 3 0 0 T H E N R I G H T = R I G H T - 2 5 4 : G O T O 1 6 7 0 
1 6 5 0 I F R I G H T > 2 0 0 T H E N R I G H T = R I G H T - 1 7 9 : G O T O 1 6 7 0 
1 6 6 0 I F R I G H T > 1 0 0 T H E N R I G H T = R I G H T - 1 0 0 
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1 6 7 0 R E T U R N 
1 7 0 0 R E M ' R e a d S M R s 
1 7 1 0 R E A D N A $ 
1 7 2 0 I F N A $ = " E N D E D " T H E N 1 7 7 0 
1 7 3 0 F O R 1 = 1 T O 65 
1 7 4 0 R E A D Z ( I ) 
1 7 5 0 N E X T I 
1 7 6 0 Z ( 6 6 ) = 0 
1 7 7 0 R E T U R N 
1 8 0 0 R E M’ A s s i g n v a l u e s t o t h e w e i g h t m a t r i x 
1 8 1 0 F O R 1 = 1 T O 66 
1 8 2 0 F O R J = 1 T O 66 
1 8 3 0 W ( I , J ) = W O ( I , J ) 
1 8 4 0 N E X T J 
1 8 5 0 N E X T I 
1 8 6 0 R E T U R N 
1 9 0 0 R E M ' P r e p a r e s u m m a r y 
1 9 1 0 MM$="“ : G G $ = " " 
1 9 2 0 I F M O R A N > E I T H E N M M $ = " + V E S . A . " 
1 9 3 0 I F M O R A N = E I T H E N M M $ = " R a n d o m " 
1 9 4 0 I F M O R A N < E I T H E N M M $ = " - V E S . A . " 
1 9 5 0 IF 0 < G E A R Y < 1 T H E N G G $ = " + V E S.A.“ 
1 9 6 0 IF G E A R Y = 1 T H E N G G $ = " R a n d o m " 
1 9 7 0 IF G E A R Y > 1 T H E N G G $ = " - V E S.A.“ 
1 9 8 0 P R I N T " C u r r e n t D a t a i s : “；NA$ : L O C A T E 1 , 4 0 : P R I N T "N = " ; N : P R I N T 
1 9 9 0 P R I N T " M e a n v a l u e : " ; Z B A R : P R I N T 
2 0 0 0 P R I N T " M o r a n ' s I: “；MORAN : L O C A T E 5 , 3 0 : P R I N T M M $ : l o c a t e 5 , 4 0 : 
P R I N T "[ - 1 / ( N - 1 ) = " / E I ;“]“ 
2 0 1 0 P R I N T " G e a r y ' s c: “；GEARY : L O C A T E 6 , 3 0 : P R I N T G G $ 
2 0 2 0 P R I N T : P R I N T 
2 0 3 0 S I $ = " “ 
2 0 4 0 P R I N T " S t a n d a r d d e v i a t e s : -” : P R I N T : P R I N T 
2 0 5 0 I F A B S ( S N I ) > 1 . 6 4 5 T H E N S I $ = " * " : I F A B S ( S N I ) > 2 . 3 3 T H E N S I $ = " * * " 
2 0 6 0 P R I N T “ R e s a m p l i n g , M o r a n : ";SNI;“ " ; S I $ : S I $ = " “ ： P R I N T 
2 0 7 0 I F A B S ( S R I ) > 1 . 6 4 5 T H E N S I $ = " * " : I F A B S ( S R I ) > 2 . 3 3 T H E N S I $ = " * * " 
2 0 8 0 P R I N T " R a n d o m i z a t i o n , M o r a n : ";SRI;“ " ; S I $ : S I $ = " “ ： P R I N T 
2 0 9 0 I F A B S ( S N C ) > 1 . 6 4 5 T H E N S I $ = " * " : I F A B S ( S N C ) > 2 . 3 3 T H E N S I $ = " * * " 
2 1 0 0 P R I N T “ R e s a m p l i n g , G e a r y : ";SNC;“ " ; S I $ : S I $ = " “ ： P R I N T 
2 1 1 0 IF A B S ( S R C ) > 1 . 6 4 5 T H E N S I $ = " * " : IF A B S ( S R C ) > 2 . 3 3 T H E N S I $ = " * * " 
2 1 2 0 PRINT " R a n d o m i z a t i o n , G e a r y : ";SRC;“ " ; S I $ : S I $ = " " 
2 1 3 0 P R I N T : P R I N T 
2 1 4 0 P R I N T “ ** = s i g n i f i c a n t a t 0 . 0 1 * = s i g n i f i c a n t a t 0 . 0 5 ( o n e - t a i l e d ) 
2 1 5 0 p r i n t 
2 1 6 0 I N P U T " H i t a n y k e y t o n e x t c a n c e r t y p e ( C t r l - C t o q u i t ) " ; A $ 
2 1 7 0 N = 6 5 
2 1 8 0 R E T U R N 
3 0 0 0 R E M ' W e i g h t m a t r i c d a t a ( S A M P L E ) 
3 1 0 0 D A T A 3 1 4 , 3 1 2 , 2 2 1 , 2 1 8 , 3 0 6 , 2 1 1 , 1 1 4 , 1 1 5 , 3 1 0 , 3 1 2 , 2 0 6 , 2 0 7 , 2 2 5 , 2 2 4 , 1 0 4 , 1 0 9 
3 1 1 0 D A T A 3 1 5 , 3 1 4 , 2 2 1 , 2 2 2 , 3 1 7 , 0 , 1 1 4 , 1 1 6 , 3 1 0 , 3 0 8 , 2 0 3 , 2 0 2 , 2 1 9 , 3 1 6 , 1 2 1 , 1 2 0 
3 1 2 0 DATA 3 1 5 , 3 1 2 , 2 2 1 , 2 2 3 , 3 0 4 , 3 0 3 , 1 0 2 , 1 0 1 , 3 1 6 , 3 1 5 , 2 0 3 , 2 0 4 , 2 1 9 , 2 2 5 , 1 1 7 , 1 2 1 
3 1 3 0 D A T A 3 1 5 , 3 1 1 , 2 2 4 , 2 1 9 , 3 0 4 , 3 0 5 , 1 1 2 , 1 2 1 , 3 1 6 , 3 1 7 , 2 0 2 , 2 0 4 , 2 1 9 , 2 2 0 , 1 0 8 , 1 0 2 
3 1 4 0 D A T A 3 1 2 , 3 1 3 , 2 2 3 , 2 1 7 , 3 0 4 , 3 0 2 , 1 1 2 , 1 1 1 , 3 1 6 , 3 0 6 , 2 0 8 , 2 0 9 , 2 1 9 , 2 2 1 , 1 0 8 , 1 0 3 
3 1 5 0 DATA 3 1 2 , 3 0 9 , 2 2 3 , 2 0 9 , 3 0 3 , 3 0 2 , 1 0 3 , 1 0 2 , 3 1 6 , 2 1 1 , 2 0 7 , 2 0 4 , 2 1 9 , 2 2 2 , 1 0 8 , 1 0 7 
3 1 6 0 DATA 0 , 3 1 5 , 2 2 3 , 2 0 6 , 3 0 5 , 3 0 3 , 1 1 5 , 1 1 3 , 3 1 7 , 3 1 5 , 2 0 7 , 2 0 5 , 2 2 0 , 3 1 6 , 10 6, 104 
3 1 7 0 D A T A 0 , 3 1 5 , 2 1 6 , 2 1 3 , 3 0 2 , 3 0 5 , 1 1 5 , 1 2 1 , 3 0 8 , 3 0 9 , 2 0 4 , 2 0 5 , 2 2 0 , 2 1 7 , 1 0 6 , 1 2 1 
3 1 8 0 D A T A 0 , 3 1 5 , 2 1 6 , 2 0 3 , 3 0 2 , 2 1 1 , 1 0 7 , 1 0 2 , 3 0 1 , 3 1 5 , 2 0 1 , 2 0 5 , 2 2 0 , 2 1 8 , 1 0 6 , 1 0 5 
3 1 9 0 DATA 3 0 9 , 3 1 0 , 2 1 6 , 2 0 2 , 3 0 2 , 3 0 7 , 1 0 7 , 1 0 1 , 3 0 1 , 3 1 1 , 2 1 0 , 2 0 9 , 2 2 0 , 2 2 1 , 1 0 6 , 1 0 9 
3 2 0 0 D A T A 3 1 5 , 3 1 6 , 2 0 9 , 2 0 6 , 2 1 1 , 2 1 3 , 1 1 6 , 1 1 5 , 3 0 1 , 3 1 6 , 2 1 0 , 2 0 1 , 2 1 7 , 3 1 6 , 1 0 6 , 1 2 0 
3 2 1 0 D A T A 3 1 5 , 3 1 7 , 2 0 9 , 2 0 7 , 2 2 5 , 3 1 6 , 1 1 6 , 1 2 1 , 3 0 1 , 3 0 8 , 1 1 0 , 1 1 2 , 2 1 7 , 2 1 4 , 1 1 1 , 1 2 1 
3 2 2 0 D A T A 3 1 1 , 3 1 2 , 2 0 9 , 2 0 5 , 2 2 5 , 3 1 7 , 1 1 6 , 1 1 7 , 3 0 1 , 3 0 4 , 1 1 0 , 1 0 4 , 2 1 7 , 2 0 6 , 1 1 1 , 1 0 6 
3 2 3 0 D A T A 3 1 1 , 3 1 0 , 2 0 9 , 2 0 1 , 2 2 5 , 2 1 9 , 1 0 4 , 1 0 3 , 3 0 1 , 3 0 3 , 1 1 0 , 1 0 6 , 2 1 4 , 3 1 6 , 1 0 5 , 1 0 9 
3 2 4 0 D A T A 3 1 1 , 3 0 8 , 2 0 6 , 2 0 3 , 2 2 5 , 2 2 2 , 1 0 4 , 1 0 5 , 0 , 3 1 7 , 1 1 0 , 1 1 1 , 2 1 4 , 2 1 3 , 1 1 8 , 1 0 1 
3 2 5 0 D A T A 3 0 6 , 3 0 4 , 1 1 3 , 1 2 1 , 2 1 3 , 3 1 6 , 1 1 9 , 1 1 8 , 0 , 3 1 7 , 1 1 3 , 1 1 0 , 2 1 4 , 2 1 6 , 1 1 8 , 1 0 7 
32 60 D A T A 3 0 6 , 3 0 2 , 1 1 4 , 1 1 3 , 2 1 3 , 2 1 5 , 1 1 9 , 1 2 0 , 3 0 6 , 3 0 1 , 1 1 3 , 1 1 2 , 2 1 4 , 2 0 3 , 1 0 9 , 1 0 7 
3 2 7 0 D A T A 2 1 8 , 2 1 7 , 2 1 2 , 2 1 3 , 1 0 9 , 1 2 0 , 2 1 2 , 2 1 1 , 1 0 9 , 1 1 9 , 2 1 2 , 3 1 6 , 1 0 9 , 1 0 8 , 9 9 9 
4 0 0 0 R E M ’ S M R s D a t a ( S A M P L E ) 
4 1 1 0 D A T A M _ A L L _ A , 1 6 9 . 8 9 , 1 7 1 . 1 2 , 1 5 8 . 3 8 , 1 1 4 . 9 5 , 2 0 6.2 6 , 1 3 3 . 8 3 , 1 3 1 . 2 2 , 1 3 4 . 4 4 , 5 5 . 8 6 
4 1 2 0 D A T A 1 5 1 . 0 1 , 2 0 7 . 6 4 , 1 2 8 . 7 6 , 1 0 6 . 2 0 , 1 3 3 . 6 7 , 1 4 5 . 0 3 , 1 7 4 . 3 4 , 1 7 4 . 8 0 , 9 9 . 6 0 , 1 7 8 . 7 9 
4 1 3 0 D A T A 1 8 8 . 9 2 , 1 1 2 . 8 0 , 1 4 2 . 8 8 , 1 4 7 . 3 3 , 1 4 9.4 8 , 1 5 5 . 9 3 , 1 5 6 . 2 3 , 1 2 8 . 3 0 , 1 1 4 . 9 5 , 1 3 4 . 7 5 
414 0 DATA 1 5 5 . 9 3 , 1 2 7 . 5 3 , 1 3 0 . 4 5 , 1 1 8 . 4 8 , 1 3 3 . 9 8 , 1 6 1 . 6 0 , 1 8 3 . 5 5 , 1 9 8 . 1 3 , 1 0 7 . 4 3 , 1 2 8 . 7 6 
4 1 5 0 D A T A 1 5 1 . 9 4 , 1 7 8 . 6 4 , 1 7 0 . 8 1 , 1 2 9 . 8 4 , 1 3 5 . 0 5 , 1 6 3 . 2 9 , 1 6 0 . 2 2 , 1 2 9 . 6 8 , 1 5 9 . 6 1 , 1 4 5 . 0 3 
4 1 6 0 D A T A 14 8.5 6 , 1 6 2 . 8 3 , 1 3 7 . 0 5 , 1 6 3 . 4 5 , 1 4 3 . 4 9,14 0.4 3 , 1 3 6.4 3 , 9 7 . 9 1 , 1 3 6 . 9 0 , 1 3 1 . 8 3 
4170 DATA 1 2 1 . 5 5 , 1 6 3 . 9 1 , 1 6 5 . 9 0 , 1 6 2 . 0 6 , 1 9 8 . 9 0 , 1 3 0 . 1 4 
4 1 8 0 D A T A M _ N P C _ A , 1 4 . 4 8 , 1 3 . 2 6 , 1 1 . 9 2 , 8 . 6 7 , 1 1 . 5 4 , 1 0 . 4 9 , 1 1 . 2 5 , 5 . 9 9 , 0 . 0 0 , 9 . 5 3 , 1 0 . 8 3 
4190 DATA 1 1 . 8 0 , 1 4 . 8 7 , 7 . 6 4 , 1 0 . 7 0 , 8 . 2 1 , 1 6 . 0 9 , 0 . 0 0 , 1 4 . 0 9 , 2 2 . 3 2 , 8 . 4 0 , 1 1 . 4 9 , 1 3 . 1 4 , 1 4 . 9 2 
4200 DATA 1 3 . 8 1 , 1 5 . 8 4 , 1 7 . 2 0 , 0 . 0 0 , 1 2 . 8 7 , 1 2 . 4 0 , 1 8 . 4 9 , 8 . 0 9 , 1 9 . 4 3 , 1 3 . 1 1 , 1 3 . 5 0 , 0 . 0 0 
4210 DATA 1 9 . 4 3 , 0 . 0 0 , 1 1 . 4 3 , 1 3 . 8 0 , 1 6 . 6 5 , 1 2 . 9 5 , 7 . 1 0 , 1 3 . 6 3 , 1 4 . 5 7 , 1 5 . 4 2 , 4 . 5 8 , 1 8 . 3 0 
4220 DATA 1 1 . 1 4 , 9 . 4 7 , 1 5 . 4 1 , 9 . 2 6 , 1 0 . 2 1 , 1 6 . 2 4 , 1 3 . 3 8 , 1 0 . 2 5 , 1 1 . 9 7 , 1 8 . 1 4 , 0 . 0 0 , 2 3 . 4 4 
4 2 3 0 D A T A 2 0 . 0 4 , 1 2 . 7 0 , 1 9 . 4 3 , 2 4 . 2 4 , 1 4 . 0 8 
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